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' ■ CCATIQN Of HI CROOK CAN I SMS AND IIIQI.UIJ.CaL PRiPARATIONS 

INTRODUCTION . 

In carding out measures to control infectious diseases in 
farm animals no small role is played by the improvement of methods 
for using ancj preserving commercial and laooratory bacterial 
cultures, filtrabie viruses, and biological preparations. The 
necessity for developing new methods in this field is voiced by 
the demands of socialist animsi husbandrj r . 

. The search for methods for -the preservation over a long 
time of . the biological properties of microorganisms' and filtrabie 
viruses as well .as .the.. active properties of biological 'prepara- 
tions is of practical as well as theoretical importance. 

Hie methods for preserving Hie biochemical and virulent 
properties of microorganisms in nutritive media are as yet far 
from perfect since the bacterial cultures at times radically 
change properties under the influence of the medium. Hie preser- 
vation of virulent properties of commercial bacterial cultures 
and filtrabie viruses by passing them through the bodies of larger 
animals necessitates substantial material expenditures ana even 
then this method preserves the virulent properties for comparatively 
short periods, measured in terms of several months. 

At present there are many facts which confirm the variability 
of microorganisms when preserved in nutritive media. This can be 
explained by the fact that the nutritive media are not strictly 
constant in their physical ana cherical properties. In addition 
changes in the media connected with metabolic processes of the 
microbes have an effect on the biological properties of the latter. 
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In a like degree the biological properties of filtrable viruses 
also depend on ths surrounding medium.; . For this ;rea son in working 
with cultures of bacteria and filtrable viruses at research 
institutes and plants producing biological products the most 
important problems concern the preservation, of - the - original 
biological properties. 

The preservation of biological prepa rations iri a liquid 
form (living bacterial vaccines, certain immune sera, and penicil- 
lin) creates a number of difficul ties connected with the fact 
that these preparations soon lose -their active properties. For 
this reason we thought it necessary re give a dssci’xptiLcn of 
current methods employed in the production, use, and preservation 
of dry cultures, viruses, and biological preparations. 

The most effective method, as shown by the experience ©f 
recent years, is that of drying. The drying of bacterial cultures, 
filtrable viruses, and biological preparations has become wide- 
spread in medical practice especially since the proposal of new 
principles regarding drying and the apparatus. In veterinary 
medicine however the technology for producing dry biological 
preparations has hardly been developed and the theoretical 
questions involved in drying cultures of microorganisms and 
filtrable viruses and in their preservation in a dry form have 
hardly been studied. In this connection it was thought to be 
timely, from our point of view, to start on the search for better 
methods for the preservation of bacterial cultures, filtrable 
viruses, and biological preparations prepared for veterinary practice. 

In tills book, along with a survey of monographic studies of 
the problems of drying biological preparations, cultures, and viruses, 
we have given considerable attention to our own research in this 
field since these problems have not yet been satisfactorily solved. 
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In our research we started from materialist Mi churinlst 
principles and luciiisdo • -since • only -an active intervention m the 
Hi's processes of the bacterial vamHn.j fha 

1" ~ ‘~Kr" * ~ 1 - o ' " 

conditions surrounding the microorganisms ana biological prepara- 
tions, could be useful and scientifically correct in solving the 
problems before us. 

Since the state of protein substances cepenets on the sur- 
rounding environment, in order to solve the problems of preserving 
the active properties of bacierial cultures, filtrable viruses, -tl 
and biological preparations over a long period of time it was 
necessary to create a new environment by drilni^aiid storfcg under 1 
vacuum. 

In carrying out our research in this field we aimed at 
accomplishing the following; (1) develop methods and improve 
apparatus for drying microorganisms, filtrable viruses, and 
biological preparations with the aim of preserving them for a 
long timej and { 2 } study the biological properties of the dry 
bacterial cultures, filtrable viruses, and biological preparations 
during storage. 

The methods which we developed for drying in a vacuum from 
a frozen state make it possible to preserve bacterial cultures, 
filtrable viruses, and biological preparations for a very long time. 

The use of these crying methods permits the microbiologist 
to foresee the behavior of the bacterial cultures and viruses when 
setting up special experiments. In addition these methods account 
for a marked economy of material which is usually expended in the 
preservation of bacterial cultures and viruses by the usual method 
of passing them through inocul/ated largar animals. The method of 
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drying bacterial cultures and filtrable viruses has great signi- 
ficance lor the biological industry since the strains needed for 
work: in immunology can be kept in a dry state for a very long time. 

The use in practice of dry vaccines and serum preparations 
olid penicillin permits us to carry out control measures against 
infectious diseases of farm aninals more successfully. 

, aAPTLRl. hi ST* :^h^r±v 

In microbiological practice attention has long been given to 
the problem of producing dry biological preparations and bacterial 
cultures, lor example, the method of drying antitoxic sera for 
purposes of standardization, has. .been, in since the-' «~d- 

of the past century'. The possibility of preserving toxins and 
antitoxins in a dry state has permitted their use in practice as 
in cema tionai standards even up to the present time. 

The drying method has special significance lor the long term 
preservation of virulent properties of microorganisms ana filtrable 
viruses, as well as serum preparations and penicillin, all used 
for preventive inoculations and therapeutic and diagnostic purposes. 

Sometimes it is difficult to preserve such typical features 
of microorganisms as their toxic and virulent properties and the 
biochemistry of their cultures. For instance, the ordinary method 
for prolonged preservation of strains on nutritive media made 
necessary frequent reseedings. me latter not infrequently leads 
to a change in the standard features of the strains and their 
virulent properties in particular. As for the preservation of 
filtrable viruses, here we have even more difficulties in view of 
the slight resistance, as a rule, of the viruses to the activity of 
the surrounding medium. 
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Attempts of several investigators to develop a method for 
drying microorganisms and biological preparations in desiccators 


over chemical adsorbents or in heated drying chambers did not 
give positive results. 

Shack ell (1909) made a report on a new principle for drying 
from a frozen state in a vacuum. The author used this method in"" 

- drying fixed rabies virus and guinea pig complement, however 
Shackell’s experiments did not attract the attention of researchers 
for the reason that they - were of an unsystematic nature, ■ ' 

In the years following* many investigators made experiments 
on drying bacterial cultures, fiitrabie viruses, and biological , 
preparations with contradictory results..-. 

Bacterial Cultures 

In 1916 I. L. Eerbinov first pointed out the great resistance 
of microorganisms to drying. According to his data, cultures of 
Asot-obacter preserved their viability for 160 days following drying 
in a desiccator, ihe author likewise reported on the extraordinary 
resistance to drying of Hie Lactobacilli. 

Later there periodically appeared in the scientific litera- 
ture isolated communications on drying bacterial cultures, however 
this method was not used for a long time for the prolonged preserva- 
tion of bacterial cultures. 

After 1934 medical research institutions started to work 
out methods for drying bacterial cultures, f 11 treble viruses, and 
biological preparations and soon positive results were obtained 
in this field. 
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In lpU2 A. JUimentova, R. Kurk, and G. Ya rmol ’ chuk (All- 
Union Institute of Experimental Medicine) made a report on results 
of drying cultures of Corynebacterium diphtheria and Shiga ? s and 
Tl.exner*s bacilli. During the initial stage of their experiments 
these authors dried these cultures in a vacuum desiccator over 
calcium chloride and then in a manifold- type apparatus. By testing 
the dry cultures obtained it was established that the diphtheria 
bacteria preserve their cultural biochemical and virulent properties 
foru years while Shiga 1 s and Flexne'r 1 s bacilli preserve their 
.cultural, • toxigenic, and agglutinogenic .properties for 6 years. 

A. i|% Konova and 1,. S. Bazilevskaya used a culture drying 
method for the preservation of their biological properties. In a 
work published in 1938 the authors reported on drying bacterial 
cultures in a desiccator over calcium chloride in a vacuum without 
preliminary freezing. The drying process in each individual ease 
lasted 2-3 days. In testing the toxicity of dry diphtherial strains 
it turned out that it was more pronounced in the dry than in the 
original cultures. 

In 19^0 N. A. Kazberyuk reported on the successful drying 
and preservation of bacterial cultures of Shiga, Flexner, and Hiss 
dysentery and paratyphoid fever. He dried the cultures in a 
frozen state in a vacuum desiccator for 2-3 days. 

In 1941 S. S. Rechmenskiy successfully used a method for drying 
microorganisms from a frozen state in a vacuum apparatus. In his 
experiments Rechmenskiy used a saprophytic strain of Vibrio aqua tills 
and a culture of Escherichia coli for the purpose of preserving 
their biological properties lor a long time. 
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In 1940 H. h. Itter described his experiments in drying 


streptococcal cultures from a frozen state in a vacuum desiccator. 

r Ihe dried cultures were kept in test tubes either sealed with 
paraffin or xused shut# When 16 dried strains were tested it was 
found that 5 strains preserved viability for from 3 to 5 months, 

7 strains from 6 to 8 months, and 4 strains from 9 to 11 months. 

K. Ye. Dolinov and L. B. Balayan in 1946 described a method 
: for drying pneumococci from a -frozen state in a high vacuum. As a 
protective medium during drying the authors used, a nutritive broth 
ana serurn, the latter being the more effective. By using this 
method, the authors point out, it is possible to preserve permanent 
cultural biological properties of pneumonococci for 38 months. 

N. N. Titov (194 t) dried staphylococci, Eberthella typhosa, 
and Mycobacterium tuberculosis from a frozen state on filter paper. 
The dried microorganisms, sealed in pipettes under a vacuum, kept 
their viability for more than a year. 

xn 1948 Yu. k • Kozlov, B. S. Bel 1 nik and V. V. Vinogradov 
reported on -the use of method for preserving museum cultures in 
a dry state. The authors dried cultures of Eberthella typhosa, 

A and B paratyphoid bacilli. Brucella, staphylococci, Escherichia 
coli, etc. The frozen cultures were dried for 6 hours in a vacuum. 
As a drying medium 1 he authors used a 10# solution of saccharose 
and 1*5# gelatine. As a result of their observations of thr dried 
cultures for a year it has been established that many labile cultures 
may be preserved by the drying method. 

Foreign scientists have likewise been occupied with the 
search for methods for long term preservation of biological prepara- 
tions and bacterial and virus cultures. 
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In 1935 a report uas published on experiments carried out 
in drying meningococcal cultures from a frozen state under 
vacuum. Years of observations showed that dry meningococcal 
cultures in a vacuum preserve their cultural biological properties 
for a very long time and may serve as standard samples in the 
work of research and educational institutes* 

Cultures of meningococci, dried in a high vacuum refrigera- 
tor at a temperature of 40° for a period of 48 hours, standing in 
a desiccator at room temperature for 3 hours, and then stored in 
sealed test tubes without vacuum preserved viability ror 89 days 
in the case of 2 strains and for l 5 l days in the case of 4 strains. 
In this instance the cultures could not be kept successfully In a 
dried state which would indicate incomplete drying* 

Cultures of pneumono cocci, dried in a mixture with rabbit 
blood by an open method at room temperature preserved their 
viability for from 2 to 13 months* The strains of a virulent pneumo- 
cocci (rough-type colonies) retained viability much longer than the 
virulent ones (smooth colonies). Such a short period of preserva- 
tion of viability in dry cultures must be explained by the fact that 
the cultures were stored without vacuum as well as by the fact 
that the drying method used was not very effective. 

A study of the effect of Hie medium on the results of 
drying cultures of Streptococcus pyogenes and Escherichia coli 
indicated that colloids (starch, gastric juice, and peptone) used 
in the fora of 1 % solutions have more pronounced protective 
properties that solutions of crystalloids (sodium ctiloride, 
tryptophan, xylose, glucose, and sucrose). The best results are 
obtained from drying media consisting of a mixture of colloid 
and crystalloid solutions. 
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Positive data on drying and preserving viability and other 
properties of dried bacterial cultures, spoken of before, were 
obtained by Klimentova, Kruk, Yarmol*chuk, Dolinov and Balayan, 
Kolesov, Keehmenskiy, etc. The success of Soviet scientists can 
be explained by the fact that in their work they have been 
guided by the basic tenets of Michurinist biology, the doctrine 
©f the decisive influence of the surrounding medium on the 
development of the living organism. In audition, their research 
has had a systematic character and has been carried out with a 
large number of specits of microorganisms. 

Bacterial Vaccines 

Of special importance for medical and veterinary practice 
is the drying of living bacterial vaccines which makes it possi- 
ble to preserve the immunogenic properties of these prepara ticns 
for a long time. 

K« Ye. Dolinov has for a number of years been preparing a 
dry BCG vaccine, using the method of drying in a manifold 
vacuum apparatus from a frozen state. For a drying medium the 
author has used a glucose solution. The, BCG vaccine, when dried 
by this method, retained its immunogenic properties -for a year. 

D. F . Fedorov, A. A. Batyreva and 0, h. Kocher'yan reported, 
in an article published in 194U on experiments which they had 
done on producing a dry BC|L vaccine in a vacuum apparatus at low 
temperatures. In drying the vaccine the authors used 2 $% normal 
horse serum,- Calmette' s fluid, a physiological saline solution 
and mother's milk as protective media. The best results were ob- 
tained using serum. In testing the dry BCG vaccine it was found 
that it retains its viability and active properties much longer 
than the liquid vaccine. 
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!<• X* Nakhimson and P. M. beymark Q.948) reported on positive 
results in drying BCG vaccine from a frozen state in a vacuum with 
10^ sucrose and 1$ gelatin for a drying medium. The authors indi- 
cate that this medium assures the preservation in the dry vaccine 
of up to 20$ of the living bacterial cells. 

Yu. A, Kozlov in 1948 published data from his experiments 
in freeze- drying BCG vaccine in a vacuum. For a drying medium he 
added to the vaccine 10$ sucrose and 1.5$ gelatin, or 10$ sucrose* 
1.5$ gelatin* and 0.1% agar. The author points out the advantages 
of the drying media which he used over glucose as regards better 
preservation of the living bacterial cells in the vaccine. 

A. A. Boro! eyev and V. M. Putimov in 1945 proposed a method 
for preparing a dry brucellosis vaccine for inoculating cattle 
from strain 19* The dry vaccine when tested on laboratory animals 
and cattle was stable and suitable for use in the field. 

h. M. Faybich in 1946 reported on the preparation of a dry 
living sucrose-gelatin plague vaccine from the E. V. Girard and 
Robiquat strain by drying it in a vacuum. The dry plague vaccine 
thus obtained differed radically from the liquid vaccine since, 
when kept in a refrigerator (2-4°), it retained potency 36 times 
longer than did the liquid vaccine. The great stability of the 
bacteria in the living plague vaccine can be explained by the 
fact- that the vaccine was freeze-dried in a high vacuum and a 10$ 
sucrose solution and 1.25$ gelatin was used as a protective mec&um. 

K. M. raybich and T« S. Tamarina (1946) worked out a method, 
for .making a dry living tularemia vaccine by vacuum freeze-drying. 
The authors made the vaccine from the attenuated strains Gaysk 
muskrat IV and ho 15, using a 10$ sucrose solution and 1.25$ gelatin 
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Icsis o* the prepare tioa thus ob ta in ed s^i ■ 
white mice and guinea pigs showed that it retains its immunogenic 
properties for 1.5 years when stored unuer vacuum in vials at a 
room air temperature of 2-h° . The results of using dry vaccine 
in medical practice has demonstrated its great advantages over the 
liquid 10 rm by the fact that it remains potent for 1*5 years 
instead of 12-15 days. 

Filtrable Viruses and Virus Vaccines 

T. la. Vannovskiy (1932-1933) reported on the experiments 

which he had carried out on drying the sheep pox virus in a 

vacuum desiccator over sulfuric acid. . when testing the dry sheep 
pox virus for virulence he established that within 3.5-9 and even 
Id months after arying the virus was capable of inducing a typical 
local reaction when sheep were inoculated. The virus was a viru- 
lent when tested after 18 months. 

In veterinary practice dry vaccine is being used to control 
fowl pox (dove pox virus). The preparation method consists of 
drying a liquid vaccine in a vacuum desiccator over calcium 
chloride. The dry mass is pulverized in a mortar. This vaccine 
however has a limited keeping time (3 months) due to imperfections 
in the preparation method used. 

K. h. Pochechuyev in 1936 reported on the preparation of 
thermostable smallpox calf lymph by drying the virus in a thermo- 
stat at 37° for 9-^0 days. For a protective medium when drying 
the virus the author used gelatin, eggwhite, horse serum, gum 
arabic, and ox bile. Mien tested after 9 months of storage at room 
temperatures reaching d3.5° , the smallpox calf lymph, dried in 
gelatin, preserved virus activity better than that dried in any 
other medium. 
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A. A. Belyayev (19^1), by studying the effectiveness of dry 


smallpox vaccine, established the possibility of preserving its 
activity for a ion-g period by drying, The vaccine v/as freeze- 
dried in a vacuum. As a drying medium the author used lactose or 
^A&hhite* The vaccine dried in lactose was more effective, ac- 
cording to Belyayev® s data. 

Other results were obtained by M. A* Morozov, M. I. Korol’kova, 
S. S. Kasatkevich, and K. Ye, Dolincv (1941-1942) in the preparation 
of dry smallpox vaccine by freeze-drying in a vacuum apparatus. For 
a drying medium the authors tested sucrose, eggwhite, ana a physio- 
logical solution, with eggvhite being the: best medium,, for ■preparing, 
dry vaccine. According to the data of these authors the activity 
of dry smallpox vaccine was retained for 18 months. 

A. KLimentova, H. Kruk and G« larmol’chuk dried the virus of 
European relapsing fever. Ihe virus thus dried retained its 
properties for 21 months* 

D. A. Tsuvsrkaiov (1944) made a dry ovinia preparation for 
vaccinating sheep against smallpox. The virus was dried under 
the direct action of calcined alumina over dry potassium hydrate 
in a vacuum. This dry ovinia preparation retained its active 
properties for 10 months at temperatures reaching 30-32°. 

In the Institute of Neurology of the Academy of Medical 
Sciences (section of neurotropic virus infections) headed by 
academician M. P. Chumakov) a method for drying fil treble viruses 
from a frozen state in a vacuum apparatus has been used since 19 U 1 . 

Ihe causative agents of human and animal encephalitis, Omsk and 
Crimean hemorrhagic fevers, influenza and choriomeningitis viruses, 
etc have been dried* According to M. P. Chumakov’s data, this 
method made it possible to preserve under vacuum all the viruses 
indicated and to use them in experimental work* 
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In 1939 £- method was described for drvins tissues fro 1 ?} 


malignant tumors in poultry caused by filtrable viruses (Rous 
sarcoma, Fudjnami microsarcoma). The dried tumor tissues were 
tested soon after preparation and after being preserved for 10 
months in a vacuum or in dry nitrogen. As a result of these 
tests it was established that the drying process for tumor tissues 
did not have a harmful effect on the virulence of the filtrable 
viruses. The dry viruses obtained by this method caused a typical 
disease and death in die expected period when poultry were inoculated. 

In 1942, thanks to the drying method, it was made possible 
to keep the- dis temper virus forV long time. In a frozen state 
splenic pulp from a dog with distemper was dried in a vacuum ap- 
paratus and kept in vacuum vials or covered with dry nitrogen. 

When tested for virulence on ferrets k30 days after drying the dry 
virus caused the disease and the death of the animals in the 
established time limits. 

Therapeutic Sera and Penicillin 

In veterinary practice in the USSR N. Levitov and D. A. 
Tsuverkalov were the first to pose the question of the preparation 
of a dry vaccine against malignant anthrax for use in veterinary 
and medical practice. They obtained a concentrated anthrax serum 
by using acetone to precipitate protein fractions containing anti- 
bodies and then drying them with ether. When tested for activity 
in rabbits the dry anthrax serum had pronounced jjnmune properties. 
However this method did not find acceptance in practice. 

In 1940 the work of 0. Ya. Rozenberg was published, dealing 
with the production of dry human blood plasma and serum.. In IpitU 
G. Is. Rozenberg reported on an apparatus which he had designed 
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studying dry plasma and serum* ^he plasma was -dried for 5-7 hours 
in a vacuum without preparatory freezing. In order to obtain 
total solubility the author added glucose to the original prepara- 
tions. Tests of dry plasma and serum a year old showed them to be 
highly effective for human and. rabbit transfusions m cases of 
great blood loss, fehen testing for physical and chemical properties 
the author established that the dry preparations obtained were com- 
pletely soluble and retained all the physical and chemical factors . 
which had been determined before drying. 

In 1943 V. G. Bogomolova reported on the production of dry 
plasma and serum and their use in clinical practice. According to 
Bogomolova 1 s data, the drying method was perfect, guaranteeing the 
preservation of all qualitative properties of the plasma and serum 
for 2 years, Wien the author tested dry preparations for 
physical and chemical properties she did not find any substantial 
deviations from the original. Experiments in using dry plasma ana 
serum in animals and human beings showed that the dry plasma and 
serum have pronounced hemostatic and blood substitute functions in 
loss of blood, dystrophy, and other diseases. 

Positive results in the production of dry anti-measles sera 
were obtained by L. I. Kolesnikova and *>. V. Kholehev (1939-1943). 
They dried frozen sera in a vacuum apparatus. The dry sera were 
easily dissolved in a physiological solution and were effective 
for a period of 2 years. 

In 1945 5U Titov published data from his experiments in 
drying biological preparations. The first experiments in drying 
SOKie therapeutic veterinary sera were carried out with a spray-disk 
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apparatus in air heated to 110°. however when tested at the State 
•ouji xiics tit lit e of Veterinary Biological Products the sera dried 

by Titov were contaminated with foreign microflora. The author 
later used an improved method for drying the medical biological 
preparations from a frozen state in a vacuum chamber and positive 
results were obtained. 


In 193b a new method was suggested for preparing dry conva— 
lescent sera against scarlet fever and measles and other biological 
preparations. These sera were freeze-dried under high vacuum. 

The dry convalescent sera gave positive results when used in a 
concentrated xornt against, scsriot fever an g mss si 

A number of works reported on the extensive use of a method 
for drying human blood serum and plasma for therapeutic purposes 
as a blood substitute in cases of blood loss or other diseases. 

The drying was done from a frozen state in a specially constructed 
vacuum apparatus. After drying the flasks with the serum and 
plasma were filled with dry nitrogen and kept sealed until used. 

It is also necessary to point out die extensive use of 
penicillin therapy in medical practice. Recently penicillin has 
been showing up in veterinary practice for treating strangles, 
swine erysipelas, and certain other diseases. Penicillin cannot 
be used in practice in a liquid form as a therapeutic agent since 
it is unstable and can be kept for only a few days. In view of 
this fact, penicillin is used only in a dry form. Dry penicillin 
keeps its therapeutic properties for a very long time (for a year 
or more). In the Soviet Union effective methods have been developed 
for drying penicillin which are much superior to those in use in 
foreign countries. It must be pointed out that the success of 
penicillin therapy depended to a great extent and still depends on 
the method for freeze-drying penicillin in powerful vacuum chamber 
apparatus. 
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In 1939 I* Aveesaleaicv reported on the preparation of a 
dry trypanosomlc antigen for use in the complement fixation test. 
The drying was done in Petri dishes, kept for several. days at 37°. 
The dry trypanosomlc antigen was active and usable for several 
years. M. I. Fedorovich <1942) for a long time used dry antigen 
diagnostics prepared from typhoid and paratyphoid A and 3 micro- 
organisms for the a gglutina tion tes t. The a uthor dried the anti- 
gens in a hotair chamber at 37°/ in an apparatus with air-water 
heat at 40-45° and in a desiccator over calciiim chloride. lhe , . : 
dry antigens retained pronounced .Agglutinative properties for 3d 
months. ' ~ 

Irom tlie reports of Baglikova an the production of cultures 
for diagnostic purposes by drying on filter paper in a vacuum at 
room temperature it is apparent that a dry phenolized culture of 
Proteus X-19 retained its activity for only 3 months. Attempts 
to use this same method in preparing typhoid and paratyphoid 
nurtures for diagnostic purposes were unsuccessful. A. M. 
Poltinnikova (1942) obtained dry cultures for diagnostic pujposes 
and bacterial preparations by various drying methods, including 
in a hot-air chamber at 37°, acetone and ether, alcohol and ether, 
in a vacuum apparatus at -78° and in an "anaerostat. " Of all these 
methods only that of the vacuum apparatus at -78° was .reliable for 
the production of high grade preparations, tehen cultures of 
typhus bacteria and ELexner's and typhoid fever vaccine, freeze- 
dried in a vacuum, were tested, A. M, Poltinnikova established 
that dry vaccine and cultures for diagnostic purposes had the same 
qualitative properties as the originals. 
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A. Klimentova, R. Kruk, and G« Iarmol*chuk found that the 

fivt-tr & rrr*~t »■* 4*4 4-t . _ jt> . fM. • „ • > rr--. . 

oixi g« * a aim \rj.exner's "cultures, and 
paratyphoid B and typhoid fever retained completely their activity 
titer when tested 2 years after drying. In the laboratory of 
the Central Institute of Epidemiology and Microbiology K. Ye. 
Dolinov successfully prepares dry agglutinative sera for practice 
in large quantities. laboratory practice has shown that dry sera 
retain their active properties for a very long time (5-6 years). 

Ery serum from guinea pigs is being used for the complement 
fixation test in veterinary and medical practice. However there 
are a number of conflicting reports on this 

-- n -wx j : i p_L C , 

Brin and Kolesinskaya inoicate that dry complement is good for 30 
months for use in the complement fixation test. B, I. Kurochkin 
reported, after making a comparative test of several series of 
dry complement, that after being sealed for 4 months in a flask 
with a rubber stopper at room temperature the complement loses 
Z$% of its hemolytic strength, after 7 months 60 %, and after 10 
months 85$. S. f. Rechmenskiy, Ye. L. Gorokhova, and others found 
it possible to make prolonged use of guinea pig complement freeze- 
dried in a vacuum apparatus and stored under vacuum. 

It can be considered unquestioned that the activity of 
complement may be stabilized for a long time only by freeze- 
drying under vacuum and storing the dried complement under 
vacuum conditions. The divergent results of testing the dry 
complement must be explained by the fact that the drying methods 
were apparently not very refined and the complement was stored 
without a low vacuum. 
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Bacteriopha ges 

There is a contradictory nature in the reports on the 
prepa ration of dry mon© and polyvalent bacteriophages for certain 
infectious diseases. The method proposed by F* Ye. Sergieynko in 
1943 for drying the dysentery bacteriophage consists of drying 
the bacteriophage in a mixture with starch and normal horse serum 
in a hot-air chamber at 37° with calcium chloride as a moisture 
absorbent* 

It was later established however that the p E of the 


U«U LrtSX JL vpjid go" 


if.W »+ -Pst 


a-r./ .v-.c +n d. 0— d-t as a conse- 


quence of which its activity likewise drops* ior this reason Hie 
bacteriophage was slightly alkalis ed before drying. 

The drop in pH of dry bacteriophage during storage can ap- 
parently be explained by the large amount of residual moisture in 
it Cl0«12‘^ after drying in a hot-air chamber). 

33. I. Ool'dshteyn, G. M. Frenkel* , and M. B. Gintsburg 
(l^iiit) developed a method for making a dry dysentery bacteriophage 
by adding 600 g of ammonium sulfate to one lit of original bacterio- 
phage, The authors took off the film which formed at the top, 
pressed out the liquid and mixed it in a mortar with 7.5 g of 
calcium carbonate and 10.25 g of anhydrous sodium sulfate until 
it formed a free-flowing dry mass from which the tablets were then 
formed. The dry bacteriophage thus prepared was usable for II months. 

A* Ie* Kxiss (19^3) produced a diy dysentery phage vaccine 
iron concentrated bacteriophage and dysentery vaccina. The dry 
dysentery phage vaccine, according to the author, had pronounced 
immunogenic properties* 
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V. V. Avrekh, A. SI* Kalugina, and others in 19^6 published 
the results of a comparative test -which they made of the active 
properties of dry and liquid bacteriophages* 


The authors indicate that the dry bacteriophage prepared 
by F. Ye* Sergiyenko* s method was, as a rule, of slightly active 
lytic, antigenic, and agglutinative properties. 


A. I. Gorokhovnikova established that dry dysentery 
bacteriophage, prepared by F. Ye. Sergiyenko 1 s method, retains 
its activity for only 4-6 months instead of the 11 months ob- 
tained by the author who proposed the preparation. M. K. 

Priselkov (1948) tested the activity of ary o.yseiiiexy bacteriophage 
prepared by F. Ye. Sergiyenko* s method in parallel experiments 
with liquid bacteriophage and found that the dry preparation has 
less pronounced activity. Approxima tely the same results were ob- 
tained in experiments carried out by S« B. Dubro vinskiy , V. 1). 
Rozenfel'd, and Z, A. Roshchina (1948). 


ijxii-iwu ni' rmiti iuq 


Desiccators and Drying Cabinets 


For a long time it has been necessary to use desiccators 
and drying cabinets of various designs in drying biological preparations. 


Vacuum desiccators have ordinarily been used for drying small 

quantities of antitoxins, toxins, and certain labile bacterial 

cultures. The drying process in these desiccators was carried out 

under vacuum. For absorbing moisture, use was made of granulated 

CaClo, K0H, PnOp, and other chemical absorbents which effect pre- 

o 

liminary desiccation to a constant weight at 180 . 
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ffiB terial to be dried in test tubes or cylindrical 
vessels is placed in a uesicestor over s -moisture absorven u «»«• 
the lid is closed tightly with vacuum grease. Then the air is 
pumped out of tie desicca tor with an oil vacuum prnnp e Air is 
pumped out periodically as long as the drying process lasts in 
order to maintain the vacuum at a specific level. 

hhen the drying is taking place in large desiccators with 
sulfuric acid as the absorbent, a high vacuum (up to 1 mm in the 
mercury column) is necessary to accelerate the dehydration process. 
In order to increase the absorptive capacity of the sulfuric acid, 
it should be shaken up slightly. Otherwise its surface layers 
quickly become saturated with moisture. In order to speed up the 
process of drying certain serum and thermo stabile vaccine prepara- 
tions, they are placed in simple drying cabinets, drying cabinets 
t,ri +h fans, vacuum chambers, and vacuum "anaerosta ts. " 

As a rule, in simple or vacuum drying cabinets drying takes 
place at 38-40°. The cabinets are heated electrically or with 
gas. In some cases the drying process is accelerated not only by 
heating but by the use of chemical moisture absorbents (CaCl 2 , KGE) 
which are placed in the drying cabinets along with the material 
for desiccation. For instance, hornet's drying cabinet has a de- 
vice in the form of sensitive beam balances. The balance is con- 
nected with the dish in which the material is placed to be dried. 
The degree of desiccation can be determined by observing the 
pointer of the balance. 

In the vacuum anaerostat the material to be dried is placed 
on specially adapted shelves. In order to speed up the drying 
process a chemical absorbent may also be placed in the anaerostat. 
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h eating for ihi & purpose, water fills the hull uw space 

between the walls of the apparatus and is heated by an electric 
element (Figure l). 


At one time a drying apparatus with air and water heat 
x-jas widely used (Figure 2). The water* which filled the hollow 
space between the walls of the apparatus* and the air are both 
heated by electric elements to 30-dQ°. The hot air is forced 
into the - chamber by a fan. Drying is considered finished after . : 
the material has been dehydrated to a satisfactory degree and it 
can easily be ground to a powder. 

The technology involved in drying is the same for all 
apparatus of the cabinet type. The open drying method is also 
used. In this case the material is poured in a shallow layer 
into Petri dishes or shallow pans* placed in the chamber and 
dried until a solid state has been reached. The preparation thus 
prepared is ground to a powder in a mortar or in a special mill 
and kept in tightly closed bottles. 

The amount of residual moisture in preparations dried by 
this method frequently varies since it is very difficult to main- 
tain constant technological conditions in this method. In view 
of this* the quality of biological preparations dried in idles© 
cabinets was likewise not always satisfactory* A great defect 
of the drying cabinets is the impossibility of obtaining a sterile 
preparation as well as the length of the drying process. In addi- 
tion* as has been established* the preparations which contain 
animal protein lose certain physical* chemical* and biological 
properties during cabinet drying as a consequence of the denature- 
tion of the protein. The loss of these properties diminishes the 
solubility and activity of the dry preparations. 
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raying A ppa rat 


Many biological' substances are dried in large apparatus by 
spraying in hot air* The defect of these apparatus is the fact 
that a sterile product cannot be obtained in them* 


The problem of the preparation of a spray apparatus for drying 
human plasma and serum was successfully solved by G. Ya. Rozeriberg. ■■ 
The author designed a spray apparatus (Figure 3) in which ary 
sterile plasma and serum could be produced in 5-7 hours. Drying 
in a spray apparatus takes place under a nigh vacuum which causes 
the formation of foam on .-the plasma and serum entering the drying 
ampule* The sprayed plasma condenses in a. line layer on the inner 
-walls of the ampule and dries very rapidly. In this apparatus the 
water vapors from desiccation are absorbed by a refrigerated con- 
denser located in a special bath with a cooling mixture (refrigerant). 
In order to speed up the drying process for serum the drying ampule 
of the spray apparatus is heated in a water bath at a temperature of 
3 7-ii0°. 


' 


The spray apparatus developed by G. la. Kozenberg is 
thoroughly effective in drying a small quantity of human plasma 
and serum* It has also given a good account of itself in the 
preparation and use of these preparations in field and clinical 
practice. 


Mb nifold Vacuum Apparatus 


ihe advantages of preliminary freezing of bacterial cultures 
and biological preparations in dzying was confirmed by some investi- 
gators who did research in this field. It was established that the 
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freezing of immune sera and other biological substances eliminates 
the denature tion of protein and the loss of certain of their 
physical ana chemical properties observed in the simple crying 
method, Nevertheless the method of drying biological substances 
from the liquid state in drying cabinets and desiccators has been 
employed for a long time* 


The method of drying from a frozen state -was first used to 
preserve labile microorganisms and certain diagnostic preparations* 
In 1921 a method was described for producing dry bacterial cultures. 
The cultures of microorganisms subject to drying were poured into • 
test tubes which were placed in a desiccator, following prefreezing 
in a cooling mixture (ice with salt)* The bottom oi ths desiccator 
was covered with glycerin as a conductor of cold while phosphoric 
anhydride was placed in a copper dish inside the desiccator to 
serve as a moisture absorbent* The lid of the desiccator was 
closed tightly by rubbing it well with, a vacuum grease and the 
desiccator was placed in a bath with a cooling mixture* An oil 
vacuum pump was used to extract air from the desiccator and, with 
a vacuum of 2-3 mm on the mercury column, the whole apparatus was 
placed in a refrigerator where it remained until the drying process 
was finished. Test tubes with the dried bacterial cultures were 
filled with paraffin or were sealed shut. 


A. Ki linen to va , R. Kruk, and G* Ya rmol * chuk constructed and 
used a vacuum device for drying bacterial cultures and sera 
(Figure U). Experiments employing this apparatus in drying 
bacterial cultures and sera were performed in 1934 at the All-Union 
Institute of Experimental Medicine. The cultures and sera were 
dried in a frozen state under a vacuum of 3 mm on the mercury column, 
created by using an oil vacuum pump. Calcium chloride or phosphorus 
anhydride were used as moisture absorbaats. Ampules with the dried 
cultures were vacuum-sealed by fire. 
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method for drying in desiccators was no longer used. 
This can be explained by the insufficient production of the 
desiccators and the absence of the opportunity to employ constant 
cooling conditions and to create a high vacuum. 

In 1935 an apparatus was proposed for preparing dry human 
convalescent serum (Figure 5i. The basis of this method was the 
principle of preliminary freezing of the preparation and further 
drying in this state under a high vacuum. For condensing water 
vapors the authors used a refrigerated condenser cooled by dry 
ice and methyl ’’Cellosolve" at a tempera ture of -?5°. 

Tim drving process in this apparatus was called Ivcphilic. 
The term n lyophilie u characterizes the original and undissipated 
capacity of the dried material for solution which indicates its 
unimpaired colloid chemical structure. 

In 1937 Vzorov, Lang, and Kocher*yan made the HMD Hilda -4 
vacuum apparatus with radially located ampules around a chamber. 
The moisture evaporated from the ampules containing the 
material for drying is absorbed in this apparatus by calcium 
sulfate placed in the chamber of the apparatus. 

The material for drying is frozen in advance by dry ice 
and alcohol at a temperature of -75°* Drying takes place under a 
high vacuum. The authors believe that this apparatus is perfect 
and assures the production of high grade dry bacterial cultures 
and biological preparations. For instance, they achieved positive 
results in drying certain bacterial cultures and BCG vaccine. 

The advantage of the MO RIM -4 apparatus is the fact that 
the ampules with the material to be dried can be attached radially 
to the chamber with the absorbent and thanks to this the drying 
process can be greatly speeded up. 
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Comparing the principles of absorption and condensation 
of water vapor in the lyophilic process and in the method 
described in 193? by Varov, Lang, and Kocher’ysm* it must be 
pointed out that the method proposed by the Soviet authors is 
the better# 

The method for condensing the water vapors in a refrigerator 
is more complex and expensive since for this a very low tempera- 
ture must be provided (-75>°, *78 ) by dry ice ana alcohol# On the 
other hand, the absorption of water vapors by calcium sulfate does 
not require much material and assures good drying of bacterial 
cultures, diagnostic agents, and certain preparations# 

In 1938 the so-called cryochemical method for drying in a 
manifold apparatus was described (Figure 6). This method is 
distinguished from the lyophilic process by the fact that during 
drying the water vapor is absorbed by a chemical absorb ait, 
calcium sulfate. As a consequence of this apparatus, the drying 
process is likewise distinguished from the preceding ones only by 
the fact that the manifold is connected directly with the chamber 
containing the calcium sulfate# Otherwise, everything including 
prefreezing and other processes is identical with the previously 
proposed method. 

The construction of the ra dial manifold apparatus (Figure 7) 
is characterized by the fact that in it the manifold has radial 
lateral branches and is located in the form of a flange above the 
main condenser. The main condenser is a flasklike vessel inserted 
into a hollow metal tank containing a cooling agent (dry ice and 
alcohol) for cooling the condenser at a temperature of -78°. Into 
the condenser is inserted a glass tube connected with a pipe pass- 
ing t© the vacuum pump through which air is extracted so as to 

\ 
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create a high vacuum throughout the entire apparatus. The hermetic 
nature of' the apparatus is provided by metal' flanges and packing at 
spots where the various parts join. 


hater vapor passing from the radial ampules containing the 
material to be dried condenses and is converted into ice on the 
inner walls o.f the condenser. In addition, the apparatus has an 
auxiliary condenser ( n trap”) containing the agent mentioned above 
for condensing traces of moisture which may not be caught by the 
main condenser. 

The degree of vacuum in the apparatus is determined by 
using a vacuum device and reaches., as a rule, 0.005 mm on the 
mercury column. 3he drying process lasts 30 hours after which the 
flasks with the material are vacuum-sealed and stored in a 
refrigerator. Despite the positive evaluation given by investi- 
gators this apparatus has not been widely accepted. 

S. S. Rechmenskiy in 1941 described a method and device for 
drying biological preparations and microorganisms. His vacuum ap- 
paratus consists of a Langmuir mercury pump, a manifold, a vessel 
for drying the cultures, a condenser placed in the vessel with 
the cooling agent, a mercury vacuum manometer, and an oil vacuum 
pump. The material to be dried is packed under sterile conditions 
in ampules and frozen by dipping into acetone and dry ice at a 
temperature of -72° or into liquid air at a temperature of -180°« 
The drying process takes place under high vacuum. The ampules 
with the dried cultures are vacuum-sealed with fire. 

In some medical bacteriological institutes manifold vacuum 
apparatus are at present the principal ones used for preparing drjr 
living vaccines, diagnostic sera and bacterial cultures. In one 
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of the largest bacteriological institutions of the Soviet Union, 
the Central Institute of epidemiology and Microbiology, they use 
manifold vacuum apparatus (Figure 8) constructed in the insti- 
tute’s shops and in the medical apparatus factory from K. Ye. 
Dolinov’s drawings. 

The material to be dried in these apparatus is packed into 
sterile ampules and prefrozen in a cooling mixture consisting of 
ice and table salt - at a temperature of -20°. The ampules with the 
frozen preparation are attached to the manifold of the apparatus. 
Drying takes place under a high vacuum (50-100 microns). The 
degree of vacuum in the system is determined by a Dolinov mercury y 
vacuum manometer. Water vapor from the material being dried is 
absorbed by calcium sulfate in the chamber to which the manifold is 
attached. 

In the section on neurotropic infections of the Institute 
of Neurology the method of drying in a manifold vacuum apparatus 
is likewise used for preserving a number of the f 11 treble viruses. 
Water vapors are absorbed by calcium sulfate. The dry viruses 
are kept in vacuum sealed ampules. 

Using our designs, N. P. Sheptun, a mechanic, constructed 
a manifold vacuum apparatus (Figure 9) at the State Veterinary 
Preparations Research Institute. With this apparatus we have 
dried bacterial cultures, filtrable viruses, and diagnostic sera. 

The apparatus consists of the following basic parts* a 
metal chamber for the calcium sulfate, a metal manifold with out- 
lets, a shallow tray for the cooling mixture, a vacuum manometer, 
an oil vacuum pump, and a series of metal connectors to which the 
individual vials are attached. 
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The manifold vacuum apparatus is a hermetically sealed 


system when in operation. As a result of the high vacuum (50-100-200 
microns), created in the whole system by the vacuum pump, the 
frozen state of the material being dried is maintained as long as 
there is any moisture, A mixture -of snow or ice with table salt 
is used in freezing biological preparations and bacterial cultures. 
The degree of pressure in the system is dete mined by the Dolinov 


vacuum manometer. 


For a moisture absorbent the apparatus employs calcium - 'll" 
sulfate which is an excellent chemical absorbent in the desicoa- 




sera. The use of calcium sulfate as an abosrbent in this case is 
profitable since Hie microorganisms, filtrable viruses, and 
diagnostic sera are dried in small batches and quantities. 


Chamber-Type Vacuum Apparatus 


More effective for drvine- biological preparations in large 


quantities is a chamber-type vacuum apparatus since it has a 
large capacity. However success in using the chamber apparatus 
depends on the successful selection of a method for condensing 
the water vapor. 


As already pointed out, the use of chemical absorbents for 
tiles e purposes is not efficient. For this reason the following 
methods of moisture removal are employed in the desiccation of 
biological preparations. The first method is the condensation of 
water vapor at low temperature in the form of ice on the outer 
surface of a coiled tube cooled by an effective cooling agent 
(ammonia or Freon)* The second method is the removal of water 
vapor into the atmosphere without the use of chemical absorbents 
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or low temperature* The second method is the most practical and 
inexpensive. However, in order to use this method you need t@ 
have a high vacuum pump with an adapter for constantly removing 
from the oil the water which collects- -during the drying process. 

Attempts of some foreign investigators to make a vacuum 
chamber apparatus with a refrigerated condenser have been unsuc- 
cessful in view of the small capacity of the apparatus designed 
and their. imperfections. 

Titov and Kalashnikov in 1939 proposed a chamber- type 
vacuum apparatus for the desiccation of biological preparations 
from, ;£ frozen state (Figure IQ). During desiccation the water 
vapors are condensed in the form of ice on the inner wail of a 
metal pipe located between the chamber of the apparatus and the 
vacuum pump. The condenser pipe is cooled by a mixture of ice and 
table salt at -20°. The drying process for large batches of serum 
and plasma lasts for 5 days. This apparatus has not become widely 
used as Hie result of serious shortcomings. This is especially 
applicable to the principle of condenser design arid the cooling 
method. 

We know from practice than for the most intensive condensa- 
tion of moisture in the form of ice the condenser must be cooled 
to a minimum of from -28° to -33°. In Titov and Kalashnikov* s ap- 
paratus however the condenser is chilled at -20°. In view of this 
the desiccation process lasts for 5 days. 

In 194p N. N . Titov, K. F. Zemlyannikov, and S. I. Didenko 
proposed an improved chamber apparatus for drying biological prepara- 
tions from a fro 2 en state (Figure 11). 
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The apparatus is a metal, .chamber ..of .the. large desiccator 

type. In the iowerppart of the chamber is placed the prefrozen 

preparation which during drying is cooled by a liquid cooling 

agent circulating from the ammonia compressor through a system 

of pipes. As needed, the chamber of the apparatus may be heated 

during drying to 80° by illuminating gas or an electric unit. 

In the upper part of the chamber is located a metal coiled tube 

for condensation of water vapors to ice. This coil is cooled by 

o o 

the circulation of liquid ammonia at -27 to -30 from a compressor. 
The degree of vacuum in the apparatus can be determined by a 



of biological preparation frozen on the inner peripheral surface 
of a flask in the form, of a shell. The amount of material which 
can be dried simultaneously cannot exceed 3 lit. 


The advantage of this apparatus consists in the fact that 
the condenser coil is cooled at a lower temperature, while the 
drying chamber is heated. As a consequence the drying process is 
accelerated. However as a defect we must point out that the 
coiled tube for condensing the water vapor is not mounted separately 
but in the chamber where we have the material for drying. This 
situation, it seems to us, cannot fail to influence the length of 
drying time and increase the amount of residual moisture in the 
preparation because of the extreme nearness of the coiled tube to 
the material to be dried. If the condenser coil were located in 
a separate chamber alongside the full effectiveness of the drying 
process would be attained much more easily. 

In the literature we have a description of a vacuum apparatus 
with a glass chamber which permits the drying of a large amount of 
human blood plasma (Figure 12). The design of the apparatus was later 
modified and the number of chambers increased tG 8. The apparatus is a 
vertical circular steel chamber measuring 91x182 cm. 
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In the lower part of tbs chamber is a coiled pipe through 


which circulate 


nl ivM nn 


ooled to a "Ud • In the upper part 


of die chamber is a receptacle with 180 holders in which the 
bottles with the prefrozen plasma are placed. The holders are 
wound in a spiral for electric heating during desiccation. The 
degree of vacuum in the apparatus is determined by a vacuum 
manometer, The drying process lasts .7. .cays, that is, 3 days in 
the first chamber .with the coil and 4 days in the second chamber 
over phosphoric anhydride. The supplementary' drying over a 
chemical absorbent is probably induced by the fact that the 
residual moisture in the nlasm-a is markediv treater than indies w 


by the authors. An increase in the amount of moisture in "the 
plasma may take place when the chamber of the apparatus is opened 
due to ttie presence of the coil on whose surface the water vapor 
has condensed in die form of ice. This situation as well as the 
very long drying time (7 days) makes the apparatus of slight value. 
The plasma meant for desiccation is frozen at a temperature of 
-17° in a special apparatus. For this purpose a specific amount 
of serum is poured in -bo upright bottles while sterile conditions 
are maintained. As the bottles are rotated at 890 rpm their 
surfaces are cooled by a stream of cold air. The plasma freezes 
on the inner surface of the bottles, spreading out in a thin layer. 


An apparatus of another design consists of 2 metal chambers 
connected by a pipe through which the water vapor is removed from 
the drying material to the condenser (Figure 13). 


The plasma is frozen in advance on the inner surface of a > 
flask at a temperature of -30° to -35° • A special pumping apparatus 
is used for freezing (figure lit). The flask is placed in alcohol 
cooled by Freon 12 gas. 
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After freezing, the flask with the plasma is placed in the 


drying chamber in special holders 'mode of copper* The water 
vapors condense as ice on the surface of a coiled tube at a 
temperature of - 30 ° to - 35 ° in the cooling chamber. The coil of 
the condenser is cooled by Freon 12 gas from a compressor. 

In order to hasten the drying process in the drying chamber 
heat is supplied by hot water circulating in a jacket around the. 
chamber at a temperature of approximately 80°, The drying process 
in the apparatus is recorded automatically. The degree of vacuum 
is determined by a mercury vacuum manometer. The plasma drying 
process lasts for 2k hours. The capacity of the apparatus varies. 
There is a laboratory one for 1.8 lit, a pilot type for 12 lit, and 
a commercial type for 21 .6 lit. As a defect of these apparatus it 
must be pointed out that the pipe connecting the chambers for re- 
moving water vapor is too long, is not large enough and has sharp 
bends in it. This slows down the drying process considerably. 

In 1940 a vacuum chamber apparatus was proposed in which the 
water vapor from Hie material to be dried 'was drawn off by a high 
vacuum pump (Figure 15). The vapor passes directly into the oil 
circulating in the pump. The oil passes continuously through a 
centrifugal purifier, which is a centrifuge for removing the water. 
After the water is extracted, the oil passes directly back into the 
vacuum pump, etc. 

The use of these ppnps permits us to dry material with a 
comparatively low vacuum (4,500 microns of residual pressure), at 
the same time guaranteeing that the material will remain in a 
frozen state. In order to speed up the drying process warm water 
circulates through the jacket of the drying chamber. 
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In 1945 another type of vacuum chamber apparatus was proposed 


for drying human blood plasma, penicillin and other biological sub- 


stances (figure 16) • The capacity of the apparatus enables us t© 


prepare dry biological preparations in large quantities. 


Before drying* the material is frozen directly in the drying 


chamber, for this purpose a cooling agent is circulated in the 


jacket and hollow tubes of the chamber. After freezing is finished* 


the vacuum pumps are turned on and the drying process begins. If 


it is necessary to hasten the- drying process* as for example* when 


plasma or serum is undergoing desiccation, the cooling agent is 


removed from the jacket and hollow tubes of the drying chamber and 


replaced by hot water at a tempers 1 


'The 'water vapors are condensed in a condensation chamber on 


the surface of coiled pipes at a temperature of -27° and lower. Hie 


coils are cooled by Freon 12 gas or Freon 22 from compressors. The 


high vacuum also contributes to the creation of a low temperature- 


Sjj the condenser. 


tt the Research Institute of epidemiology and Hygiene of 


the Soviet Army living bacterial vaccines are dried in a vacuum 


apparatus designed by Karneyev* Dei*nik, Grudenkov, and Chernykh. 
The vaccines are freeze-dried using s high vacuum pump (models 


U12 and 212). This pump removes vapor from the material to be 


dried directly into the atmosphere without the use of any chemical 


absorbents or mechanically cooled condenser. At the institute they 


are likewise using a manifold apparatus for drying* using calcium 


sulfate as an absorbent. 
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In 19Uu a report was published on the use of infrared rays 
in a special apparatus for drying biological p3 n oducts from a 
frozen state (Figure 17 ). The action of infrared rays on frozen 
serum markedly accelerates the drying process* with the latter 
proceeding evenly since the rays act throughout the whole layer 
of the preparation. 

In modern drying apparatus the walls of the chamber are 
heated by electric elements* steam* hot water, etc, in order to 
speed up the drying process. However these heating methods 
demand especially equipped apparatus and do nob bring about the 
most rapid desiccation process since in these cases the heat acts 
only on the surface layer of the frozen preparation. The deeper 
layers of the preparation become heated as the moisture is removed 
from the upper layers. For this reason infrared rays are the 
best type of heat energy that can be used for drying sera from a 
frozen state. Apparatus with infrared radiation are as yet not 
widely used in practice. 

At the Institute of Epidemiology and Microbiology imeni 
N. F. Gamaley and the Central State Control. Institute imeni 
Tarasevich small chamber apparatus are used alongside the manifold 
apparatus. The material to be dried is placed on the bottom of 
the chamber. The moisture is absorbed by calcium sulfate which is 
placed in a special can in the same chamber over the material being 
dried. 

At the State Institute for Control of Veterinary Biological 
Preparations mechanical engineer N. P, Sheptun made a chamber- 
manifold apparatus (Figure 18). 


- 3k - 



Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 




Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 


\ 


v 




Thio apparatus is a hermetically closed metal chamber with 
a large metal manifold attached to it. he introduced certain 
changes into the design of the chamber-manifold apparatus so that 
we would be able to use both the chamber ana the manifold method 
for drying prepara tions in it. In the first case, the manifold is 
cut off from the chamber by inserting inside the flange rubber and 
metal plates which are tightened down by the counterscrsw of the 
manifold. Vihen the manifold method is being used for drying both 
plates are removed from the flange and thus the manifold communi- 
cates with the chamber containing the calcium sulfate. 

The preparation, use, and regeneration of calcium sulfa t« 
(gypsum) for the drying process in a chamber-manifold apparatus 
a re^tlie same as those used for drying in a manifold- type apparatus. 

CHAPTER III . DRYING METHODS 

The methods to be used for preserving bacterial cultures, 
fil treble viruses, and biological preparations for a long time by 
drying must meet 2 basic requirements. First, the drying process 
must have no harmful effect on the biological preparation. Second, 
the dry preparations must retain their biological properties for a 
long time. 

Earlier methods for drying in vacuum desiccators without pre- 
liminary freesing and in drying cabinets using artificial heat led to 
a rapid loss of the active properties of the biological substances. 
The decrease in activity, according to the findings of certain in- 
vestigators (S». S. Rechmenskiy, iU KLimentova, R. Kruk, tand G. 

Ya mol 1 chink), takes place as the result of denaturation of protein. 
In view of this fact the serum, for example, does not have total 
solubility. The loss of total solubility in dry serum causes not 
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only changes in its physical and chemical properties but aiminishee 
its activity# Other investigators explain this by the fact that 
when drying takes place in a desiccator without prefreazing there 
is a concentration of the salts and solid layers are formed which 
decrease in wei^rit in the course of several months. In their opinion, 
this decreases the activity of the preparation. 

It is doubtful that this is true* The loss of active 
properties in biological preparations, dried without freezing, 
apparently takes place because the protein material being dried 
has a great percentage of residual . moisture bringing "on an oxida- 
tion process while the factors, of protein denature tion determine 
the incomplete solubility of the prepara tion, diminishing its 
quality. 

Vacuum apparatus are being widely used in practice which 
makes possible the drying not only of small quantities of bacterial 
cultures, viruses and dia^iostic sera (manifold apparatus) but 
also large quantities of serum and vaccine preparations (chamber 
apparatus). In both ihe manifold and chamber- type apparatus drying 
takes place from a frozen state under high vacuum. It must however 
be pointed out that the principal and decisive factors in this 
process are the factors of condensation or absorption of moisture 
from the material being dried and the freezing factor. 

In making dry preparations in a manifold apparatus or in a 
small chamber apparatus, chemical agents, such as calcium sulfa t®, 
phosphoric anhydride, calcium chloride, and certain others, are 
used as moisture absorbents. 

In large chamber apparatus a special condenser with a compres- 
sor for cooling is needed for moisture removal. 
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In both cases absorption or condensation and prefreezing 


of material are of equal importance. 


Impprtance of the Freezing Factor in Desiccation 


As has already been pointed out, drying biological substances 


from liquid state leads to a marked loss of active properties as 


a consequence of incomplete moisture removal and denaturation of 


protein. The situation is quite different when biological substances 


and living organisms are dried from a frozen state. In this case 


the active properties of the dry biological preparations are retained 


completely and the number of viable bacterial cells diminishes only 


slightly. 


The dry porous mass of dry serum preparations testifies to 


the fact that the protein has become condensed. This is likewise 


confirmed by the small decrease in its original volume. Proteins 


subjected to momentary freezing evidently do not regroup but re- 


main in the state in which they were before freezing. This also 


eliminates denaturation of the proteins which contain the active 


principle and irreversible changes are almost entirely absent. 


Eradication of denaturation of proteins and concentration of salts 


during drying are also helped by the fact that moisture from a 


frozen preparation is removed without passing through the liquid 


phase# Thanks to this very fact, the proteins of serum preparations 


do not become thicker and remain in a ra rifled, crystal lie state as 


we can easily observe through microscopy. In addition, during 


freeze-drying the process of moisture removal proceeds much faster. 


thanks to the action of the low temperature, the presence of a 


vacuum, and the equality of pressure over the evaporation surface 


of the frozen preparation and the moisture absorbent. 
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Freez e-drying makes it possible to produce dry biological 
preparations or bacterial cultures and viruses with exceedingly 
small amounts of residual moisture. This is achieved by the fact 
that with proteins in a ra rifled condition their surface area is 
greatly increased which in itself facilitates more thorough desic- 
cation. This drying me thoa for biological preparations assures 
rapid and total solution in water and preserves their original 
physical properties. 

Freezing liquid substances before drying is likewise neces* 
sary in order to prevent foam formation when a deep vacuum is set 
up in the apparatus. The foam formed in the ampules greatly impeo.es 
the drying process and sometimes contributes to passage of material 
into the absorption agent. A gradual increase in vacuum cannot /• 
prevent this undesirable phenomenon since it is practically impos- 
sible to determine the degree of foaming in each ampule when dry- 
ing takes place in a manifold apparatus with such a large number 
of connections and ampules. 

For some time it has been believed that serum preparations 
and bacterial cultures and viruses undergo more thorough drying if 
they are frozen at a temperature of -75°. However the majority of 
Soviet investigators (A. Klimentova, K. Kruk and G. larmol’c&uk, 

K. Te. Bolinov, S. G. Kolesov, B. S. Del*nik, I* K. Titov, etc) 
have established xhat fact that carbon dioxide and liquid air can 
be successfully replaced by a less expensive and more readily 
available cooling mixture consisting of snow or ice and table salt 
which will produce a temperature of -20°. 

Among the chemical substances which produce low temperatures, 
mention must be made of potassium chloride, calcium chloride, 
ammonium chloride, ammonium nitrate, sodium nitrate, sodium chloride, 
ammonium sulfate, and crystaliic calcium chloride. 
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If these salts are added in proper proportions to snow, the 
following temperatures in the cooling mixture may be produced. 


1 

Nam® 

Farts by Weight 

Tempera ture 

Name 

Parts by Weight 

Temperature 


of per 100 parts of 
Salt snow 

of mixture 
(degrees) 

of 

Salt 

per 100 parts 
of snow 

of mixture 
(degrees) 

1 

KC 1 

30 

-11 

ha Cl 

33 

- 21.2 

1 

Gs Cl 2 

30 

-11 

(»b u ) 2 s% 

62 

-19 

1 

NH 4 CI 

25 

-15.8 

CaCl,-6K 2 0 

82 

-21.5 

1 

NH 4 MO 3 

60 

-17.3 

CaCl 2 -6H,0 

125 

-40.3 

1 

NaN .03 

59 

-18.5 


143 

-55 


From the data supplied in the table we can see that table 
salt is, the most suitable i' or making a cooling mixture since its 
addition to snow in a comparatively small amount lowers the tempera- 
ture of the mixture to -2CPor -21°. In desiccation in manifold 
apparatus such a temperature is satisfactory. 

When drying is taking place in small chamber apparatus it 
is best for cooling the outside of the chamber to use solid carbon 
dioxide and alcohol which produce a temperature of -75°. Such a 
low temperature is necessary since the material being dried is 
separated from the cooling mixture by the walls of the chamber. 

Freezing agents, such as snow and table salt or solid carbon 
dioxide and alcohol, are quite suitable both before drying and 
during desiccation in a manifold or snail chamber apparatus. These 
same freezing agents also may be used for prefreezing for a large 
chamber apparatus. However another cooling agent and another cooling 
system are needed in order to maintain the material in a frozen 
state during the first stage of drying. For instance, desiccation 
in a large chamber apparatus is carried out by using a compressor 
and such cooling agents as ammonia, Freon (12 and 22), and others. 

The cooling agent circulates in special hollow jackets and hoses of 
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the apparatus. The effectiveness of this cooling method is very 
great since the cooling agent drops the temperature ox the prepa- 
ration from -2U° to -32° and lower. 

Calcium Sulfate as a Moisture Absorbent 

intensity of the process for drying liquid protein sub» 
stances from a frozen state depends to a large extent on the 
quality of the chemical absorbent vhen desicca tion takes place in 
manifold and small chamber apparatus and on the effectiveness of 
the refrigerated condenser when drying takes place in large chamber 
apparatus. 

When drying small quantities of preparations or bacterial 
cultures in desiccators we usually use phosphoric anhydride* 
calcium chloride* and certain other chemical agents. Recently 
calcium sulfate has been widely used in vacuum apparatus. The 
moisture-absorbing capacity of all these chemical substances varies 
ss we see from the following data. 

Amount of Water Vapor Remaining 

Drying Substance in 1 lit of air at 25° (in mg) [Note] 


Phosphoric anhydride 

0.000025 

Potassium hydrate (liquated) 

0.002 

Calcium sulfate (gypsum) 

0.00 k 

Calcium chloride (granulated) 

0.1k 

Sulfuric acid (95,1%) 

0.3 


([Note] The drying capacity of a chemical substance is determined by 
o observing the following conditions. Air, saturated in advance 
with water vapor, is passed over the drying substance at a 
rate of 1-3 lit per hour at 2$°) 
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As we see from the table, phosphoric anhydride has the 


greatest capacity for absorbing -moisture ,- -followed by potassium ■■■■■=■ 
hydrate and gypsum. However, the first 2 absorbents, despite 
their high absorptive capacity, have surface layers that quickly 
become saturated with moisture, thus rendering them inactive. 

Phosphoric anhydride, for example, is used by many investi- 
gators as an auxiliary absorbent in drying serum preparations in 
chamber apparatus with a refrigerated condenser. The use of 
phosphoric anhydride for this purpose is quite practical since 
the principal portion of the moisture (96-98 ft is removed from 
Hie preparation by primary drying. For this reason the great 
absorption capacity of the phosphoric anhydride per unit of 
weight assures supplementary desiccation of the preparation with 
a reduction of residual moisture to 0.5-0. 7$, 

Calcium chloride is likewise active only until its surface 
layers are saturated with moisture and it is used in those cases 
where a small amount of material is being dried® The same may be 
said of sulfuric acid. 

Calcium sulfate (gypsum) with a pronounced absorption 
capacity is not subject to the same solution of its surface layers. 
This property of gypsum provides for the entry of even the inner 
particles into the drying process. For this reason gypsum is con- 
sidered a more valuable chemical absorbent for drying bacterial 
cultures, viruses, and certain preparations. 

Calcium sulfate, an anhydrous substance, has a powder form. 
However, in its powder form it is of no use as an absorbent since 
only its surface layers take part in the absorption process. 
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In order to obtain the most surface with the purpose of 
increasing the moisture. absorption capacity, calcium sulfate is 
UScu i 11 form of granules* Powdered gypsum is mixed with 
water until a paste is formed, after which it is allowed to set 
c*nd when dried it is cut into small granules* Gypsum thus pre- 
pared is freed of its finest particles and dried in a drying 
cabinet at 180-200° until it reaches a constant weight. The' 
primary gypsum drying process lasts 12-16 hours when the layer 
of gypsum granules spread out to dry is equal to 2.5-3 cm. 

The regeneration of calcium sulfate following each drying 
cycle lasts 8-10 hours, at a temperature of 180-200°. 

Hie value of gypsum as a drying agent consists in the fact 
that the deep vacuum and great absorption capacity of the gypsum greatly 
increases the degree of passage of moisture from the material to the 
absorbent which makes for high grade desiccation. In addition, 
gypsum is easily regenerated (restored) after each crying cycle in 
the apparatus and remains useful for no less than 20—25 drying 
cycles, fee must here take into consideration ‘die amount of moisture 
absorbed by the gypsum during each drying cycle. 

lor example, our experiments established that when 10 ml 
of liquid are dried in the presence of 1 kg of gypsum the latter 
may be used for 20-25 cycles with regeneration following each 
drying cycle. If we use 20-30 ml of liquid per kg of gypsum it 
soon becomes inactive although it can be used to dry small batches 
of material (for example, bacterial cultures when the amount of 
moisture does not exceed 3 ml per kg of gypsum). However gypsum is 
an inefficient absorbent when large amounts of preparation are 
being driedo 
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As already indicated, each kg of gypsum Is able to absorb 
10, or a maximum of 20 ml of liquid* In view -of- this fact, 
gypsum becomes unsuitable for drying large amounts of biological 
preparations. 

Desiccation Based on a Refrigerated Condenser 

Recently, powerful chamber vacuum apparatus have come into 
use for drying large amounts of biological preparations. During 
desiccation in these apparatus the moisture condenses on the -sur- 
face of the condenser coils, cooled by a compressor and Freon or 
ammonia bases. This condensation system to a great degree makes 
the crying of biological preparations less expensive and simpler 
since there is much less expense per unit of finished product. 

In addition, in large-t 3 ?pe chamber apparatus the preparation may 
be dried not only in small but in large vessels (100-200-300 ml). 
Desiccation in chamber apparatus necessitates considerable equip- 
ment. The drying chambers, for example, must be furnished with a 
special cooling and heating system. Shelves with cells or holders 
for the preparation are made of metal with a high degree of thermal 
conductivity. 

The chambers are provided with automatic devices for deter- 
mining and regulating temperature and vacuum. 

The operation cycle of the condensation chamber is likewise 
regulated automatically by using a vacuum device and a thermocouple 
which maintain a specific temperature. In addition, the chamber 
is furnished with thermal elements capable of removing ice from 
the surface of the coils after the drying process is finished. 

The low temperature in the condenser coil is maintained by 
the chamber vacuum which, so to speak, insulates the coil from the 
effect of the temperature of the outside air. For drying in large 
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chamber apparatus we use powerful vacuum pumps capable of pumping 
large volumes of air and of creating a deep vacuum in the apparatus. 
Without this, the drying process would drag out over a long time 
and some preparations, such as plasma and penicillin, can hardly 
be dried without a sufficiently low temperature. 

The effectiveness of drying is likewise greatly influenced 
by the freezing factor# The lower the. temperature during the 
ini ti a 1 drying pha se , the mo re rapid is the extra c tion of mois ture 
from the frozen material. Certain investigators believe that the 
drying of plasma and serum demands various freezing temperatures# 
lor instance, for drying serum a temperature of -9° to *12° is 
sufficient at the start of the process, while only -20° to -29° 
will do for drying plasma. 

Desiccation in Manifold Apparatus 

The manifold vacuum apparatus (figure 9) consists of a metal 
chamber for the gypsum, a metal manifold, ana a series of con- 
nections. The apparatus is furnished with a Dolinov vacuum mano- 
meter and an oil vacuum pump. In operation the apparatus is a 
closed system, which makes it possible to produce a deep vacuum 
(90-100-200 microns). 

The water vapors in a manifold apparatus are absorbed by 
calcium sulfate. The intensity of absorption is determined ho re by 
the lower moisture pressure at the absorbent than the pressure of 
saturated vapor at the evaporation surface of the material being 
dried. It' must also be pointed out that the degree of the. intensity 
of the motion of water vapor molecules likewise depends on the 
distance of the material from the absorbent# It has been proven 
for practical purposes that the more bends in the line leading the 
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moisture through the apparatus, the slower the drying process. 
However, when the appa ratus is a fully hermetically closed system 
the drying process proceede rather rapidly, especially if the 
material is dried in small batches. 

Ihe speed of the drying process is related to the intensity 
of moisture evaporation, that is, to the removal of water vapor 
from the frozen material. For this reason in certain cases the 
rate of vapor removal can be increased by allowing heat to reach 
the frozen material in the' ampules.'- In order not to cause 
liquefaction of the frozen material the heat must act only on the 
outer- surface of the ampules.: ' However heat caasot be employed in 
aii cases, for instance, heat may be permissible in drying serum 
preparations while heating might weaken the virulence of bacterial 
cultures and fil treble viruses. 

ihe use of a manifold vacuum apparatus at the State Control 
Institute of Veterinary Products of the Ministry of Agriculture USSR 
and at a number of institutes belonging to the Ministry of Public 
Health has shown that this apparatus may be used for successfully 
drying bcsctenal cultures, viruses, and diagnostic sera. Ihe dry 
biological preparations dried in these apparatus answer all re- 
quirements of existing regulations. Drying in a manifold apparatus 
completely eliminates all possibility of the entry of foreign 
bacteria into the dried material. This is especially important in 
the preservation of standard strains. In addition, it is easy and 
convenient to vacuum-seal the ampules in this apparatus without 
recourse to additional manipulations of joining the ampules to the 
connectors and to the manifold, such as are necessary in drying with 
a chamber apparatus. 
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Hie drying process in a manifold apparatus consists of the 
following* After the bacterial cultures, viruses, or diagnostic 
sera have been packed in ampules ana the latter fastened to the 
connecting tubes by means of vacuum-resistant rubber, the pre- 
parations are frozen at a temperature of -20° in a cooling mixture 
consisting of snow and table salt. After 10-15 minutes the con- 
necting tubes with the ampules are attached to the manifold apparatus. 
The drying takes place under a vacuum of 50-100-200 microns pressure 
with the ampules with the frozen material sitting in a shallow tray 
containing cooling mixture at -15° to -17° for preserving the 
material in a frozen state during the first 3-4 hours of drying. 

If the vacuum pump is capable of ■ pumping- off air from the system 
satisfactorily, drying may take place at mi even lower vacuum ($00- 
700 microns). 

A high vacuum maintains the material in a frozen state and 
accelerates the drying process* For this reason it is necessary 
to see to it that the system is hermetically sealed since sometimes 
a very small opening is enough to diminish the vacuum in the^ entire 
system. 

After the apparatus has been in operation for 3-6 hours the 
first phase of the drying process is considered finished. The 
shallow trays with the cooling mixture are then renoved and the 
drying continues at room temperature. 

Desiccation of bacterial cultures usually lasts for 10-12 
hours while that of viruses and diagnostic sera lasts 2k hours. 

It must be pointed out that these periods of time, which we use 
in our experiments, are the maximum and are necessary for the most 
thorou^i drying. We know from the work practices of other investi- 
gators that bacterial cultures may be dried in small batches in even 
less time (5-6 hours) but this length of time does not always give 
assurance of thorough drying. 
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Bacterial cultures, viruses and sera dried by the system 
outlined usually contain a minimal amount of residual moisture 
(from 0.U-0.7 to 1.0-1 * !?%). Residual moisture is determined by 
supplementary drying in a cabinet at 105>° until a constant weight 
is reached or in a desiccator under vacuum over calcium chloride 
which has itself been dried to a constant weight. It must however 
be pointed out that these methods for determining residual 
moisture do not all give the same indexes, h or example, whsn 
determined in a orying cabinet at 105° the percentage of residual 
moisture is usually higher, since a/t -this temperature a portion 
of the protein may be consumed. Testing dried cultures over 
calcium chloride usually gives a smaller percentage of residual 
moisture (0o4-0.7) although the process of complete drying in a 
desiccator under vacuum lasts for 3 days. The more accurate 
determination of residual moisture is achieved by supplementary 
desiccation in a desiccator over phosphoric anhydride under vacuum. 

There is an opinion current that any determination of the 
degree of desiccation gives arbitrary results since in all cases 
the dry substance may probably contain a certain amount of moisture 
in a bound form. However a dry substance does not undergo a 
marked loss in weight when phosphoric anhydride acts upon it. 

After drying is finished the ampules with the material are 
vacuum-sealed over a flame. It is best to seal the ampules with 
a 2- flame gas-oxygen burner. This type of sealing is more 
thorough. The spot where sealing takes place is covered with 
nitrolacquer. The ampules are tested for vacuum with a Tesla 
apparatus and stored in a refrigerator. 
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In our experiments the dried bacterial cultures, viruses, 
and diagnostic sera were usually stored at room temperature 
(1 $ 20, 27°)* These conditions are not ideal since some instable 
cultures must be kept in a dry form at a temperature of 2-5°. 

however 6 years of personal observations and experiments of 
certain laboratories of our institute as well as other investi- 
gators indicate that at room temperatures of 17-20° it is possible 
to keep not only dry serum preparations but bacterial cultures 
- and viruses* 

Desiccation in a Chamber-Manifold Apparatus 

hhen the chamber drying method is used the material is 
. placed in a special container on the bottom of the chamber. In 
the upper part of the chamber another container holds gypsum to 
act as a moisture absorbent. The materi al t o be dried is packed 
into ampules which are closed with a sterile cotton wad and 
frozen at -20 w in a cooling mixture. 

In order to keep the material from thawing, especially at 
the beginning of the drying process, the chamber is cooled by a 
mixture made from snow and table salt. However, it is better to 
use a cooling mixture of solid carbon dioxide and alcohol which 
produces a temperature of -75°. This temperature is more effective 
for cooling the chamber. 

The drying process in the chamber lasts from 6 to 24 hours 
depending -on the amount of material poured into the ampules. %e 
absorption norms for gypsum remain the same as for drying in a 
manifold apparatus. After the drying process is finished the 
ampules with the material are connected with a vacuum washer to the 
connecting tubes and the manifold in order to produce a vacuisn in 
them. The ampules are sealed over flame when the vacuum reaches 
100-200 microns. 
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The possibility of producing a high vacuum in the chamber 
and the total hermetic condition of the apparatus are the pre- 


requisites for successful desiccation. The use oi 1 cotton stoppers 
in the ampules for the prevention of contamination by foreign 
bacteria lengthens the drying process to a certain extent. How- 
ever when drying small amounts of material which are packed in 
small units the drying process takes place rapidly. The manifold 
method may be used with the same apparatus. In this case the 
chamber is completely filled with gypsum. The stopper which 
closed off the pipe leading to the manifold is removed and the y 
ampules with the prefrozen material are attached directly to 
the connecting tubes. The drying process takes place as in the 
usual manifold apparatus. 

Desiccation in a Chamber Apparatus 

As distinct from the manifold apparatus, the chamber apparatus 
may be used for drying large amounts of material. For this reason 
the use of powerful chamber apparatus in biological preparation 
plants permits the production of the quantities of dry preparations 
needed for extensive use in practice. 

The chamber vacuum apparatus consists of one or 2 metal 
chambers of the cabinet type and one circular refrigerated chamber. 
The biological material is again dried from a frozen state under 
high vacuum. Separate tubes for removing water vapors from the 
material being dried makes it possible to load the drying chambers 
as the material arrives. In addition, each of the drying chambers 
may be included in or cut off from the drying process by special 
closures (stoppers), located in the pipes connecting the drying 
chamber with the condenser. The entire drying process in the ap- 
paratus is regulated automatically. 
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The material is frozen before drying in a special apparatus 


(Figure 14). It may also be frozen in the drying chamber before 


desiccation starts if this chamber is furnished with a system of 


hollow jackets and hoses through which a cooling agent may circu- 


late from a compressor. 


After, prefreezing, by rapid rotation of the flasks in a 


vertical position in a circulating freezing apparatus or in a 


room cooled to -17°, the ma terial is placed in the drying chamber 


where it undergoes desiccation, When frozen directly in the 


drying chamber the preparation is cooled by aMtionia or ireon which 


enters the chamber from "the compressor. After freezing v this ta ices 


only several minutes ), a deep vacuum is set up in the whole ap- 


paratus by powerful high, vacuum pumps. 


In the chamber apparatus the drying process varies in 


length of time. For instance, if the material is dried in a small 


amount it usually takes 2d hours but if Hie material is packed 


in a large amount the drying process is lengthened to 36 hours or 


size of the surface of the frozen preparation. For instance, if 


we pour 200 ml of serum into a 300-ml flask and freeze the 


preparation in the form of a lining on the inner walls of the 


flask the drying process in a powerful chamber apparatus may be 


finished in 24 hours since the greater the surface of the frozen 


material the less time it takes for desiccation. 


While it is possible to successfully vacuum-seal cultures 


and viruses in ampules, it is difficult to create sufficient vacuum 


where large batches of preparation are frozen in flasks. In this 


case some investigators recommend filling the flasks with purified 


* So - 
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dry nitrogen which is a neutral gas. The flasks are filled with 
the gas directly in the chamber of the apparatus. This is done 
as follows. After the drying process is finished the vacuum pump 
is turned off and pure dry nitrogen is led into the chamber. 

Thanks to the deep vacuum in the entire system and in the flasks , 
the nitrogen rapidly fills the latter. After this the flasks with 
the preparation are stoppered* daubed shut, and sealed. 


The dry preparation -is stored at a temperature of 
Before being used the dry biological preparation is dissolved in 
a sterile physiological saline solution .or distilled, water* adding 
the amount of liquid which the flosk contained before desiccation 
started. However, in certain cases the preparations may be dis- 
solved in different proportions. Immune sera, for example, are 
dissolved in a quantity of water equal to half or even i/3 the 
original volume of the preparation. Bacterial vaccines which are 
dried in the form of thick emulsions may be dissolved in a larger 
quantity of water than there was before desiccation. 


CHAPTER IV. ANABIOSIS IN MICROORGANISMS 


,f Wherever there is life, we find that it is associated 
with some protein body, and wherever there is a protein body 
not in the process of decomposition, we are, without excep- 
tion, seeing manifestations of life. 11 — F. Sigels 


Problems relating to the state of bacterial cultures, viruses, 
and biological preparations when preserved in a dry form have been 
treated very little in the literature. Information on hand from a 
number of investigators in this' field deal only with factors of the 
viability of bacteria and viruses and their biological properties. 
However the authors do not in their reports treat the problems which 
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clarify the state of bacterial cells Ui a dry form. For this 
reason | in studying the properties of dry bacterial cultures, we 
believed it necessary to analyze and enlighten the theoretical 
problems -which deal ’with the state of bacteria in a dry form as 
well as when they are acted upon by low temperatures, 

Asa theoretical prerequisite to the possible duration of 
the preservation of the viable properties of labile microorganisms 
we used in our experiments the factor of anabiosis of sporogenous 
bacteria and certain protozoa which become encysted during freez- 
ing or desiccation under natural conditions. 

Anabiosis in the proper sense means a return to life, a 
resuscitation. However the word anabiosis usually suggests not re- 
vivification after preceding death but latent life or a temporary 
cessation of life processes. 

Vile find it necessary to point out that from our point of 
view anabiosis of microorganisms in experimental desiccation and 
preservation under vacuum must obviously be thought of as a 
temporary cessation of life. And this is the point of view from 
which problems of anabiosis and our critique of views of other 
authors on this subject will be treatsd. 

The materialist approach in the field of biology indicates 
that the role of the environment is decisive in the life of 
organisms. For this reason, in studying the conditions under 
which bacterial cultures are dried and preserved we are guided by 
the doctrines of I. V. Miehurin and T. D. Lysenko about the effect 
of the external environment on the living organism. For instance, 
whereas moisture, nutritive substances, and atmospheric oxygen are 
necessary if aerobic ba cieria are to be preserved under ordinary condi- 
tions, an entirely different medium is required if their biological 
properties are to be preserved for a long time in a dry form. 
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V*e know that the evolutionary development of organisms 
includes principally the factors representing the effect of the 
surrounding medium, that is, -the conditions under -which they 
continue to exist. Under the influence of the environment the 
organisms gradually change their biological properties by 
developing in themselves those features which are the most re- 
sistant to the external conditions. Such an evolutionary de- 
velopment, for example, is a feature of the rotifer Phil oriina 
and the tardigrade Masrobiotus which, by living under natural 
conditions among mosses and. lichens,, acquired during . their evolu- 
tion the capacity of preserving their viability for a long time 
during freezing or desiccation.. Like capacities, to resist un- 
favorable environmental conditions have been acquired by many 
other plants and animals (algae cultures, amoebae, infusoria, 
certain nematodes, etc). 

By analyzing historical data on anabiosis in plant and 
animal organisms following freezing ana desiccation one may assume 
that even labile nonsporogenous bacteria have the capacity to 
withstand such factors under experimental conditions where cer- 
tain additional substances are being created. This theoretical 
hypothesis could be expressed where there was a materialist con- 
cept of manifestations of anabiosis, that the life of bacteria in 
a dry or frozen state under experimental conditions takes on com- 
pletely different forms, that is, is extremely retarded, inhibited, 
or even tenporarily comes to a halt, as apparently takes place in 
cases where bacteria retain their viability in soils of the perma- 
frost zone. 

Scientific literature contains a number of reports on the 
very great resistance of bacterial cultures and viruses to 
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experimental desiccation and freezing. However the explanations 
for the causes of this resistance and the state of these creatures 
in the dry and in the frozen state are very few. For this reason 
the problem which this book poses regarding anabiosis in bacteria, 
when the latter are preserved in a dry or frozen form, as a mani- 
festation of a particular form of existence of minute- organisms' 
must be a subject not only for discussion but for further study. 

In considering the problems of the great resistance of micro- 
organisms to freezing and desiccation we must give seme attention 

UU \i . i r im yaR’ B" OOw4" ' O pi'- Li.' UUc vii ucuV ki OOOV t On Xfie 

Nature of Viruses and Microbes] which was recently published, 1950, 
Moscow, Medgiz. 

During a study of equine infectious anemia, as G. M. 

Bosh'yan reported, he established the fact that the filtrable 
virus of this disease is connected to the proteins of the organism, 
the nucleoproteins. 

Mien the connection between the virus and the proteins is 
disrupted, the virus may be transformed either in the organism or 
in the test tube into a bacterial form. The author later established 
a similar feature in studying certain other filtrable viruses. This 
situation permitted G. M. Bosh’yan to come to the conclusion that 
filtrable viruses are a form of existence of microorganisms. If 
only the surrounding medium is changed, or the metabolism of the 
animal cells change following death, a change in the form of the 
pathogen develops and it is converted from an invisible (filtrable) 
form, into a visible bacterial form. 

By studying therapeutic and prophylactic sera, allergens and 
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antibiotics, G. M. Bosh t yan established the presence in them of 
filtrable forms of those microorganisms from which they were de- 


rived. As there was later confirmation of this tenet, the 
existent concept of the sterility of these preparations was 
changed radically. In addition this would point up the extreme 
stability of the filtrable forms of microbes. For instance, 
m®nif es Ui lions oi the resistance of filtrable forms of micro- 
organisms are especially phenomenal, when we derive from them the 
original cultures of microbes from which such biological prepara- 
. lions were produced, as ’ tuberculin, mallein, brucellysa te, and 
bruccll ohydrdysa te. ' ■ And trie s& preparations were subjected to 
great effects by k cycles in an autoclave (mallein, tuberculin) 
and a session lasting many hours in the autoclave (brucelio- 
hydrolysa te). In addition, as the author reported, he also demon- 
strated phenomena of great resistance of a number of microorganisms 
to chemical substances. For instance, bacterial and virus vaccines 
treated with formalin are not, in Bosh f yan*s opinion, killed, as 
beneveo until recently, but only inactivated. If bacterial vac- 
cines treated with formalin are given further proper treatment 
he original culture may be recovered, although it has but slight 
virulence. 

The revivification of certain creatures subject to freezing 
and drying was observed more than 240 years ago. For instance, 
the first revival of rotifers when water was added to dry sand 
taken from an eaves pout was observed by An ton j Leeuwenhoek (1701). 
Later such phenomena were observed in rotifers, nematodes, and 
tar digrades by other investigators (Nidhara, Spalanzani, and others). 
However these phenomena were not correctly interpreted. At the 
end of the nineteen 1h century there were once more many reports on 
this problem and Prey er ( 1873 ) identified the revival of rotifers, 
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tardigrade*, and nwtoUbi, heretofore known as "apparent death," 
"iethargy," or "numbness," as being anabiosis, that is, when an 
organism in a lifeless dry state is capable of revivification if 
there is a change in environmental conditions. Claud e-Bemard 
held to the same opinion. However, despite the proposal of the 
new term "anabiosis," investigators of the toe, including 
Preyer, could not furnish a scientific basis for the factor of . V > 
the prolonged retention of viabile properties in rotifers, 
tardigradee, and nematodes *h« they were kept in a dry state or 
...■.under low temperature* 

An a bio si a in F r ee z in g 

3ie StUdy ° f anabi0EiE — living creatures are frozen 

K3S n0t EySteMti ° ally or E -«tificaUy studied until the begin- 
ning of the present century. An incent-ivo «. 

j i incentive w<as the research of 

the Russian scientist professor p T » 

p CSkJVA K I * ^HuneVyev in the field of 

the anabiosis of insec^^ wVtrsrt . - . 

whcn published in 1899 , 1900, and 


Believmg that the problem of the body temperature of 
insects and their condition at different temperatures, especially 
when frozen, had been given little attention, P. I. Bakhmefyev 
took up the study. As a result he had soon developed a method for 
determining temperature it insects by using a thermoelectric 
thermometer. By using the thermos! ectric thermometer which he 
had made, P. I. Bakhmefyev quite accurately determined the body 
temperature of. insects, at first under ordinary conditions and 
later at low temperatures. 

By studying temperature conditions during freezing, p. j. 
Bakhmefyev discovered a new phenomenon in the insect onanism, 
the rapid temperature change with the preceding phase of overcooling. 
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By placing .butterflies . in a chamber chilled to -12° to -22° 4 4 he 
author established that their body temperature at first drops to 
zero and then after some time to -10°, after which there is a 
sudden rise in temperature to -1.5°. After this the body tempera- 
ture of the insect again drops gradually and reaches the temperature 
of the cooled chamber. 

By studying these phenomena, P. I. Bakhraet'yev determined 
that freezing the fluids of the insect organism does not take place 
at the time of the first drop in temperature to the critical 
point K, the ■so-called phase of super cooling, (super cooling of a;/; 
xitjUiuo is a purely phy sicsjl phenomenon which is observed when a 
liquid is cooled evenly and when crystals of ice have not yet ap- 
peared in it) but during the second drop after the sudden tempera- 
ture change, from point N to point ?, that is, to a temperature 
of -9.4° (Figure 19). 

During the initial stage of cooling when the temperature 
reaches the critical point K, the insect merely becomes numb and 
if it is removed from the cooling chamber it returns to life. 

Later after the sudden temperature change there is a gradual freezing 
of the body's fluids, and the insect's body temperature drops to 
-10°. If at any point along the curve between points N and T with 
the temperature at from -1.5° to -9° the insect is returned to 
ordinary conditions it returns to life and revives, although slowly e 
But if the insect is kept until the body temperature reaches -10°, 
that is, to point T, the Meath point," the insect dies. 

Through special calorimetric calculations P. I. Bakhmetiev 
determined that, at a temperature of -h.5° the fluids in the insect 
are completely frozen. For this reason Hie author believes that 
the state of the insect between points A and T, that is, during the 
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cooling phase between -4.5° and -9°, is anabiotic. Thus, as the 
result of these studies ^ the prderlv theory of anabis sis- in in- 


sects when frozen was created. 

however it is necessary to point out that P. 1. Bakhmetiev 
cased his theory on the fact that the insect may undergo total 
frees in;; during the phase from =-4. 5° to -9° when all the body , s 
fluids are converted to a solid state ana manifestations of life 
are completely terminated. But, as we see later, anabiosis in 
freezing takes place in insects only when the body is in a stage 
of super cooling and at the beginning of the appearance of ice 
crysLaiS wneii wiei'e i.5 still in ternai respiration, slow though it 
may be. ■ 

Po Yu.- Shmidt- introduced a significant correction in 
Bakh^l 0 t ! yev , s theory of anabiosis iri insects when frozen. For 
instance, he did not confirm Bakhmetyev* s statements on total 
freezing of body fluids at -4.5°. At this temperature not all 
the body fluids freeze and consequently anabiosis takes place 
under somewhat different temperature conditions. 

The condition of anabiosis, according to P. Xu. Shmidt, in 
frosen insects may be noticed during super cooling, that is, from 
zero to point K, during the brief elevation in temperature, the 
so-called sudden change in temperature, from point K to point A, 
and during initial ice formation, between points A and (Figure 20 ). 

N. I* Kalabukhov, in his work, Spyachka zhivotnykh [Animal 
Hibernation] (1936), indicates that insects which revive with the 
coming of spring do not undergo total freezing during -the winter. 

In a given case, as the author points out, the viability of the 
insects is retained only because a portion of the fluids in the 


- 58 - 




Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 





Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 



vessels and tissues in the body is not frozen. If the insect were 
subjected to total freezing with' the hardening of ail fluids, it 
would inevitably die. In a study of the action of low temperatures, 
on the bee organism, N. I. Kalabukhov determined that during super 
cooling, that is, when the body fluids are not yet in a solid state, 
the metabolic processes do take place. By experimentation the 
author established the fact that the factor of nutrition contri- 
butes to increasing the resistance of bees to low temperatures# 

The a u thor likewi s e demons tra ted tha t wi th supplemen ta ry f ceding 
of honey the resistance of the bees to cold increased markedly* 

For instance, the bees given extra feed and placed in a refrigerator 
at a - temperature of -1° survived to an extent" of 50# after thawing 
and to the extent of 43# after -4°. Only 2u and 9*5# respectively 
survived among the bees which had not been given suppl orient ary 
feeding. 

Of great interest is the work of h, L, Sakharov in which he 
reports on resistance to cold in insects. By studying the action 
of low temperatures on larvae of the winter moth, the author came 
to the conclusion, with the use of a dilatometer, that the forma- 
tion of ice and the degree of the advance of the freezing point de- 
pends on the amount of water in the insect 1 s body. For example, 
the author determined that iri wintering larvae, containing II# 
less water and 2*5# more fat than summer larvae, the formation of 
ice does not start until -11°, and at -17.35° only 15.22# of the 
water in the larvae’s bodies changed to ice. When cold acts on 
larvae which have just left the nest and whose bodies contain more 
water and less fat, ice starts to form at -5*75°, and at -7.8° some 
44*85# of the water has been converted into ice. 
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In 1911 V. L. Omelyanskiy recovered microbes from the miieus 
ol uhe trunk ox the Sangayurakh mammoth which was found in the 
ground in the penaafrost zone of Siberia. In 1912, while examin- 
ing soil samples of the permafrost zone in Amur Oblast taken from 
a depth of 1.6 and k m, B. L. Isachenko detected in the majority 
of samples sporogenous microbes capable of propagation when placed 
in a nutritive medium. 

These reports and a number of others on the discovery of 
microbes and certain other very simple animals, such as ciliophora, 
rotifers, and nematodes, frozen into ice and retaining viability 
have aroused considerable interest. In this connection investi- 
gators raised the Question whether life could be preserved in mi- 
crobes and some other simple animals, frozen into the ice many 
thousands of years ago and now deep under the surface of the earth 
in the permafrost zone. 

— - -^ n 1936 P® M® Kapterev pointed out numbers of plant and ani- 
mal organisms recovered from the soils and ice of the permafrost 
zone. In Amur Kray P. N. Kapterev took soil samples from a depth 
of 2 to 7m in the pemafrost zone where the earth was frozen 
argillaceous soils with strata of ice. The soil samples were 
carefully collected in order to avoid the entry of embryos of 
organisms from without. After the samples were thawed out he ob- 
tained various species of algae and sporogenous microbes. The 
results of P. M. Kapterev* s research caused doubts among some in- 
vestigators that methods of soil sampling from great depths were 
perfected enough to prevent the entry of embryos of organisms 
from without. However, obtaining various species of algae from 
various depths suggests that the latter were actually recovered 
from the permafrost soil. 

- Si - 
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A . - Ye ffAv'Atra 


sporogcuous bacteria and yeasts while 


examining samples of "stone ice" from the island of Lyakhovskoye. 

Considerable work on the study of permafrost zone soils was 
uone by Ao Ye. Kriss (1940) , who obtained somewhat different data. 
For instance, while examining permafrost soils from the island of 
Kolyuchin the author recovered through seeding on special nutri- 
tive media \aoil age-r and meat-pep tene-a gar) some sporogenous and 
nonsporogenous bacteria and s c tin omycetes. Almost identical micro- 
flora (sporogenous and nonsporogenous microbes, a c tin omycetes, and 
fungi) but in a larger amount were recovered from soil samples 
from the active layer, that is, the thawing layer above the penna- 
irost strata. In examining soil samples from a depth of 1-1.5 m 
in a buried peat bog from the permafrost 2 one of hrangel Island, 
cultuies were found of white, yellow, and yell ow- green micrococci. 
In the other samples obtained from great depths no microflora 
were detected. 


As the result of his research A. Ye. Kriss believes that 
only a relatively small number of the various represents tives of 
the microorganisms are able to preserve their viability in the 
perraalrost layers of buried peat bogs. However it is hardly pos- 
sible that such a diverse number of microbe representatives should 
retain their viability in a state of anabiosis as indicated by 
P* N* Kap ierev. In A. Ye. Kriss’ opinion, the great number of 
microorganisms and the diversity of species found in the perma- 
frost layer by P. N. Kapterev must be related to the possibility 
of the entry of the microbes into this layer from the active layer. 

In a later work (l 9kk) A. Ye. Kriss and N. A. Grave reported 
on the results of examinations of ice samples from the permafrost 
zone of central Trkutia. Examina tions were made of an ice sanple 
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in the form of a monolith obtained from a depth of 9 m. The 
authors assign the forma id. on of this ice to the glacial epoch 
in Siberia , with the absolute age being of necessity tens of 
thousands of years old. The monolithic ice sample was very 
carefully examined at the Permafrost Institute and no viable 
microorganisms were detected. In the author^ opinion, this 
does not confirm the hypothesis of the anabiosis of micro- 
organisms in glaciers of the permafrost zone, 

A, V, Kalyayev (1947) examined samples from permafrost soil 
at different depths, 4.5, 6.5, 8, 37, 43, 45, and 57 m. After 
tile samples were treated by singeing and removal of the outer 


layers with a red hot knife, a sterile pincers was used to re- 
move from the center a piece of earth weighing 2-3 g which was 
again singed and placed into a nutritive medium of MP.B (meat- 
peptone-broth) and MPA (meat-peptone-agar). The experiments were 
carried out in a laboratory at the very spot where the samples 
were obtained. As a result of the ground samples obtained from 
the greatest depths of the permafrost layer, isolated ceils 
(from 5 to 10 per g of earth) of sporogenous aerobic microbes of 
the genus Bacillus were obtained. 


£rom the soil samples taken from lesser depths in the perma- 
frost zone (4 and 6.8 m) nonsporogaious bacteria, cocci and sar- 
cinae, were sometimes obtained. 


From the preceding data it is evident that A. ¥. Kalyayev 
established the presence of viable sporogenous and nonsporogenous 
bacteria in soil samples from the permafrost zone. It must be 
pointed out here that nonsporogenous microflora were recovered 
only from samples taken from the lesser depths. This situation may 
be explained by the possibility of later penetration of this 
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microflora from the. active layers of the soil. However we must 
assume that the presence of nonsporogenous bacteria in the upper 
layers of the permafrost earth had lasted for a rather long ti ms. 
Examination of soil samples taken from greater depths of the 
frozen earth showed that only sporogenous microbes are able to 
retain their viability at this level* 


Thus A. V. Kalyayev* s studies of soil;, samples from the 
permafrost layer indicate that not only sporogenous but nonsporo- 
genous microbes may remain in a state of anabiosis for a long 


action of low temperature. 


Butyagin (1909) froze several species of microbes, patho- 
genic for man, under winter conditions at a temperature of -20° 
to U4. 8° and determined that the majority of them retained their 
viability for 3 months. In addition, it was observed in experi- 
ments conducted on alternating cold and thawing that some microbe 
cultures survived up to 12 freezings and thaws. 


B. S. Aleyev (1944) points out that many species of micro- 
organisms possess a very high cold resistance. 


In sortie of his experiments microorganisms resisted tempera- 
tures near to absolute zero. For instance, bacterial spores ger- 
minated following 10 hours in liquid hydrogen at a temperature of 
-292°. Nonsporogenous microorganisms of the enteric typhoid group 
were capable of propagation following 20 hours In liquid air at a 
temperature of -172°. 


Ihe results of experiments of a number of investigators 
testify to the exceptional resistance to low temperature of many 
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microorganisms. Cultures of the typhus bacillus, Escherichia 
coli, diphtheria bacillus, the bacillus of Asiatic cholera, Proteus, 
lactic acid bacteria, the bacillus of malignant anthrax with spores, 
and staphylococcus were frozen on gelatin, agar-agar, potato, and 
in bouillon at a temperature of -182° for 20 hours. After thawing 
all the mlcrobic cultures were viable and retained their biological 
properties. 

On the effect of low temperatures on the viability of microbes 
pathogenic tor man we have available much information in the litera- 
ture. However, as a rule, these reports treat merely the transient 
effect of low temperatures lasting only a few hours. For instance, 
in developing methods for desiccating microorganisms Soviet investi- 
gators (S. S. Rechmenskiy, K. Ye. Dolinov, and L. B. Balayan, A. 
Klimentova, R. Kruk and G. Yarmol'chuk, D. F. Fedorov, A. A* 

Batyreva and 0. U . Kocher*yan, etc) have studied the action of low 
temperatures on microorganisms. It has been established that 
short term action of low temperatures (from -20° to -180°) had no 
pronounced injurious effect on the viability of microorganisms. 

In its results a temperature of -20° was in no way distinguishable 
from the effect produced at -70° or -180°. 

Similar observations of both Soviet and foreign investigators 
were made in the majority of cases in connection with prefreezing 
cultures for desiccation. For this reason we made a special studv 
of this problem under experimental conditions. 

In veterinary manuals on microbiology, epizootology, and 
disinfection the effect of low temperatures on pathogenic micro— 
organisms is barely treated. However, this feature is of great 
importance in studying the epizootic situation for controlling 


infectious diseases of farm animals. Only with relation to specific 
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microorganisms, such as those of malignant anthrax, brucellosis, 
tuberculosis, and certain mold fungi, is 1 1 possible to find iso- 
lated bits of information on their capacity for resisting the ef- 
fect of low temperatures to one degree or other (S. N. Vyshelesskiy, 

N • A. Mikhin, and M • I. Leonov). 

In experiments on the long term action of cold on the viability 
of microorganisms we used a temperature of -17° or -20°. These 
values were selected as the average extreme temperature observed in . 
the majority of rayons of the USSR. VJe were planning to determine 
the resistance of certain mi c r oor ga ni sin s with relation to the en- 
vironment of the farm. In addition, we proposed to study the factors 
making up the action of cold cm the viability, of microbial cultures 
during desiccation* 

In our experiments we used an electric refrigerator in which 
the microbial cultures were kept for the required period of time 
at a temperature of from -17° to -20°. The microbial cultures in 
the form of bouillon or agar propagations with gelatin or serum 
added as a protective medium were subjected to the action of the 
temperature indicated. By this means we proposed to bring our 
experiments, even though to a relative degree, closer to the natural 
environmental conditions under which the microorganisms migjht be 
subject to low temperatures. In this case we could assume that the 
microbes in livestock shelters or in the soil following excretion 
from sick animals were to some degree or other connected with pro- 
tein substances as products of the decomposition of organic sub- 
stances. In our control tests the microbial cultures were subjected 
to the action of cold with protein substances by adding them to a 
physiological saline solution. 
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Experimental and control cultures were placed in the con- 
denser of a refrigerator where the temperature could be kept at 
a strictly controlled level by means of a thermocouple. 

In the first experiments the microbial cultures were first 
covered with gelatin or a physiological solution and then placed 
in 0.5 ml batches in test tubes and sealed in with plugs of ab- 
sorbent cotton. After this the test tubes were placed in the 
refrigerator at a temperature of from -17° -to -20 During the 
experiment it was noticed that the cotton plug froze through 
and thus did not prevent the entry of water vapors which con- 
densed on the inner walls of the test tubes in the form of ice. 
For this reason in following experiments the ampules with 
cultures were flame-sealed. 

Hie viability of the microorganisms was tested by seeding 
them onto appropriate culture media at -various times, 15, 30, 

60 , 90, 120, 150, 180, and 210 days. The growth of the cultures 
after a period in the thermostat was computed for the usual 
periods, 1, 2, and 3 days. In case of necessity the seedings of 
the cultures were kept in the thermostat up to 10 days, Hie re- 
sults of these experiments are reproduced in Table 1. 
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IKTB'iSITZ OF CKOWm OF HICROBLO, CULTURES SUBJECT TO 'fflJi ACEKM OF 
LOW T EKPERft 'FUSES. 

(from -17° to -20°) 


N ame 
of 

Cul ture 

Salmonella 
en teridi ti £ 


Freezing Test Time (in .Days) 

Medium 15 30 60 90 120 150 180 210 

physiological*** +44 *44 + - ~ 

solution 

...» ela n . 444 .444 444 .+*...■ * 


Salmonella 
eri teridi id. s 


4+4 444 +++ +44 


Salmonella 

Gholerae.-suis 133 

Malignant anthrax 

culture 1 


serum ++-4- +++ +++ +++ 4*-+ 

physiological 

solution +++ +*+ **+ +** +** 

gelatin +++ 4*-+ +++ +++ +++ 

serum + <-+ 4-++ +++ 4++ +4-4* 


Brucella 


Streptococcus equi D 9/1 


physiological 

SOlUtiOn 44- + +4-4- +4 + 

gelatin + -+ +*+ *^*+ 


4 4-4-4- 4 • 4 


physiological 

solution +4-4- +4-4- 4* 4- 4* 4-++ 4* 

gelatin 4*4*4- +4-+ 4-4-+ ++4- + 

serum 4-4-4 444 44+ 444 444 


Sheep septicemia 
culture 


physiological 

solution 4-44 44 

gela tin *+* + 


+++ 444 44 + 444 444 


Swine septicemia 
culture 


physiological 

solution 444 - 

gela tin 444 - 

serum 4 * 4 -+ ++4 444 444 444 


Symbol ss +44 intense growth 

44 growth of medium intensity 
+ -weak growth 
- no growth 
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From the data in Table 1 we can see that the greatest re* 
sistance to low temperature was found in the paratyphoid and 
brucellosis bacteria and in the bacterial pathogen of malignant 
anthrax (vegetative form) and Streptococcus equi. The least re- 
sistance to cold was found in bacteria of the Pasieurelia group. 
However when normal serum was added as a protective medium the 
resistance of these bacteria increased several times. This 
situation was confirmed by special experiments testing the 
action of low temperature from *17° to *20° on the viability of 
■microbial.. cultures by periodic frees trig arid thawing; -These 
experiments were conducted in connection with the statement of 
several investigators regarding the destructive effect of low 
temperature on the viability of microbes where freezing alter- 
nates with periodic thawing. 

In these experiments we added normal horse serum to the 
cultures and a physiological solution (1*1) to the control 
samples. The microbial suspensions thus prepared were dosed out 
at the rate of 1 ml per test tube. The tubes were flame-sealed 
and placed under low temperature. The intervals when the action 
of low temperature was in effect amounted to 2-3 days while the 
thawing periods were 2 hours long. 
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Name 

of 

Culture 


TABLE 2 

EFFECT OF LOW TIliPEEATURE OK THE INTENSITY OF' GROWTH di BACTERIAL 
cm. TURKS Ili CASES OF PERIODIC THAhlN G 


Strain 

No 


Freezing* 
Medium 1 


Number of Hastings 

k 5 6 7 8 


9 10 



Salmonella 

enteriditis 315/9 


Salmonella 

chol era e-suis 133 


Salmonella 

chol era e- suis 1 


Streptococcus equi D9/1 


physiological +++ +++ +++ +++ 4*4*+ + - - - - 

■ solution - 

serum 4-4-4- 4-4-4- 4-4-4- 4 ’ + + ' 4*4*4- '+++' 4-4*4- 4-h* +++ 

physiological +++"+++" +++ ++ + > - - ~ - 

solution 

serum +++ +++ 4-4-4* 4-4-4- 4-4-4- 4-4-4- ++4* - : 4-4-4- 4*4- 

physiological +++ + 4 -+ ++ 4 - +4-+ + 4 . ++ — . ~ 

solution 

serum 4-4-4- 4-4-4- 4-4-4- 4-4-4- 4*4-4- 4-44- 4-4-4- 4-4-4- 4- 4- 

physiological +4-4* +4-4- 4-4-4- +4-4- 4-4-4- 4 - - 

solution 

serum 4-44- 4-44- 4-4-4- 4-4-4- 4-4-4- 4-44- ++4- 4-4-4- 4-4-+ 4 - 4 - 4 - 


Sheep septicemia 


physiological 4 -^ 4 - 4 - 4- 

solution 

serum 4-4-4 4-4-4- 4-4-4- 4-4-4- 4-4- 


Swine septicemia 

culture 25 


physiological 4-4-4- 4- 4- 


4 — t*4- 4-4-4* 4 - 4- 4- 4-4-4- 4 — 44- 4-4* 


physiological 4 - 4 - - 4 - 

solution 


4 -+ 4 » 4 * 4 *+ ++ 4 * 4 - 4 * 4 - 4 * 4 * 4 * 


Symbol sj +♦+ intense growth 


4-4* growth of medium intensity 
* weak growth 
- no growth 


From the data cited in Table 2 we can see that repeated 
freezing and thawing did not have a very harmful effect on the 
viability of microorganisms. Only Pasteurella bacteria, to which 
a physiological solution had been added, lost their viability fol- 
lowing 3 freezings and thawings. Following the addition of serum 


Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 




Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 


the Pasteurella cultures acquired marked resistance to cold and 
resisted repeated (no loss than 7) fressiag and thawing. As lor 
the bacterial cultures of Streptococcus equi and paratyphoid 
fever in calves and pigs, they had exceptional resistance to low 
temperature with repeated freezing ana thawing. For instance, 
these microorganisms retained viability when fro sen., and thawed o 
times when added to a physiological solution and 10 times when 
added to serum. Obviously these results do not represent a limit 
for these microbes since culture growth, was still quite intense 
when the investigations were terminated for technological reasons. 

Test experiments with the cultures of bacteria of para- , 
typhoid fever of calves and Streptococcus equi in a serum medium 
showed that they retained their virulent properties following pro- 
longed freezing. These same cultures lest their virulence for 
white mice to a great degree following repeated freezing and thavj- 
ing although a portion of the mice died when inoculated with large 
doses (50*100 million bacterial cells). 

Thus the experiments which we carried out showed that in 
taking measures to control brucellosis, paratyphoid fever, and 
streptococcal and pasteurellar infections the great resistance 
of these pathogens to low temperatures must be taken into consi- 
deration. Specific prophylactic measures against animal infection 
and the disinfection of buildings must be carried out not haphazardly 
but systematically at any time of the year depending on the ap- 
pearance of the infection. In addition, there is apparently great 
resistance to cold among other pathogens as confirmed by experiments 
in freeze-drying a large number of different microorganisms, patho- 
genic for man and animals, as well as by the prolonged life of 
sporogenous and nonsporogenous microbes in soils of the- permafrost 
zone. 
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Our experiments gave us the « r . -i 4 .u_ 

resistance of microorganisms to lo» temperatures without taking 
into consideration the dying of the bacterial cells during the 
freezing process. Kith this aim we set up special experiments to 
saidy the action of low temperatures of -17° and -20° on the vege- 
tative ^orm of the malignant anthrax pathogen. A bouillon 

culture of the anthrax pathogen cultured for 12 hours in a thewo- 
statwas transferred onto meat-pep tone-agar ana cultured for 10 
hours. Hie culture was washed with a physiological saline solu- 
tion and tested in a diluted drop and in a strained smear for 
the absence of spore formation c 

Aftei establishing the optical concentration according to 
the bacterial standard of 500 million bacterial cells per ml the 
culture of malignant anthrax pathogen was diluted to lsl in one 
Case with a physiological solution and in another with a 10% 
solution of gelatin. Both dilutions were poured into test tubes 
(0.5 ml each) and frozen at -17° and -20°. 

Bel ore freezing began, the number of viable anthrax bacilli 
was determined in each dilution by transference to meat-peptone- 
agar in bacteriological dishes. Analogous investigations were 
made after the test tubes had been in a refrigerator 2 hours and 
Ihen again after 1, 5, 20, 40, and 60 days. As a result it was 
established that after 2 hours of low temperature the number of 
living bacterial cells is 6l.8% in the gelatin culture. After 24 
hours the number of viable cells had dropped to 37.2%. A further 
decline continued gradually and reached h.$% by the sixtieth day. 

In the culture without gelatin the dying process took place much 
more rapidly and no growth of anthrax culture was observed on the 
sixtieth day when a culture medium was seeded with the final dilution. 
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From the data cited it is clear that the dying process 
among microorganisms takes place under low temperatures with a 
greater intensity during the first hours than during the sub- 
sequent period, The use of gelatin as a protective medium is 
very effective. While the number of viable bacterial anthrax 
cells . in a gelatin culture was 61*8%. following .2... hours in the 
cold, 37.2% after 2k hours, 25.6% after 5 days, 23.2% after 20 
days, 1U, 5% after fe days, and U.5% after 60 days, the dying 
process was much more rapid in the cultures without gelatin. 

'There the numoer of viable cells in a physiological solution 
was J-2,7% ai ter 2 hours oi cojtbij io«4j« ai usr £4 Hours, t . op 
after 5 days, 4*5% after 20 days, 3.0% after 40 days, and after 
60 days there was no growth at ail (Figure 21). 

When an analogous experiment was set up with other strains 
of the anthrax pathogen in a serum medium the culture retained 
its viability for 200 days. However, the dying process of the 
bacterial cells proceeded in the same fashion. 

Thus our experiments aimed at studying the resistance of 
microorganisms to low temperatures indicated that microbial 
cultures in the majority of cases reveal pronounced resistance to 
cold ana are capable of retaining their vital properties for a 
long time in a frozen state. 

In considering the question of the resistance and dying of 
microorganisms when affected by low temperatures it must be 
pointed out that the mechanism of this action has until recently 
not been quite clear. 

¥. V. lefrimov (1922), in studying the action of low tempera- 
ture on infusoria, observed that the destruction of the infusoria 
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takes place not as the result of ice pressure developing around 
Hie infusorial body but as the result of the formation of ice 
crystals in Hie colloidal membrane and in the very protoplasm of 
the cell. In tills case the ice crystals extract moisture from 
the organism of the infusoria 'which causes irreversible changes in 
the cells. At 'the same time he observed that the higher tempera- 
tures, near the frees in g point, effect the via bill. x.y- • of --the 
organisms more strongly than the lower temperatures. 

In the works of E. la. Grayevskiy (1940-1948) and other 
investigators it is shown that the retention of viability in 
bacterial and plant cells is caused by the presence; or absence 
of ice crystals in them during freezing. 

The so-called theory of vitrification of living ceils served 
as the basis for explanations of this type. The authors believe 
that under the action of low temperatures (-172°) the solidification 
of the protoolasm of living cells sets in suddenly, thanks to which 
the liquid substances in the ceils and the liquid of the surrounding 
medium pass into a vitreous state, by-passing the phase of crystal- 
lisation. When higher temperatures are used in freezing -the solidi- 
fication of the cellular protoplasm takes place more slowly in view 
of which the crystals which cause their destruction are fomed in 
the cells and in the surrounding liquid. 

L. la. Grayevskiy used liquid air on amebae, spermatozoa of 
frogs, spermatozoa of rats and dogs, unicellular layers of epi- 
dermis from an onion skin, muscle fibers of a frog, and certain 
microbial cultures. Positive results of resuscitation were ob- 
tained in experiments with the spermatozoa of frogs, the onion skin 
epidermis, and the microbial cultures. In this case great interest 
is aroused by the results of experiments with microbial cultures 
since the subject of the chapter at hand is the anabiosis of micro- 
organisms. 
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«juss.triii4y 


a number of microbial cultures, E. Xa. Grayevskiy sub** 
jected strains of typhoid fever, paratyphoid A and B and Breslau 
culture, dysentery, Escherichia coll, and yeasts to the action of 
liquid air. As a result it was determined that deep freezing has 
a different effect on the viability and biological properties of 
microbial cultures. For instance, in cultures of certain species, 
yeast, for example, he noticed an abrupt decline in the number of 
living cells while in other species of bacteria a large part of 
che c<=u-j- 3 reoaineu their viability. It was also determined that 
the number of viable bacteria ceils and yeasts following deep 
freezing fluctuates greatly from experiment to experimerrt. Despite 
this fact, the author concludes that deep freezing of microbial 
cultures has a less disadvantageous effect than hi^ier freezing 
temperatures although this statement cannot be confirmed by more 
specific and accurate data. The author believes that it is not 
the low temperature in itself which causes damage to Hie cells 
bub the crystallize ticn of frozen water In cells which takes place 
only at the moment of chilling or thawing. 

It must be pointed out that data on the viability and 
dying of microbial cells acted upon by liquid air, cited by 
Grayevskiy in his work, still do not indicate the more favorable 
effect of deep freezing on the viability of microbes. Analogous 
results are usually obtained when microbial cultures are treated 
with temperatures of -20° and -?0°. As for the extremely great re* 
sistance of microbial cells to low temperatures in general, this 
is apparently related not only to crystallization but to the 
biological properties of microorganisms as the most minute creatures. 

Other investigators, like Grayevskiy, have succeeded in 
vitrifying the spermatozoa of a frog. Following thawing and warming, 
approximately 20 % of the spermatozoa were viable. Experiments in 
vitrifying moss leaves were likewise successful. 
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It must however be pointed out thst experiments in vitrifi- 
cation carried out by Grayevskiy and other inves tiga tors were 
much more successful when the spermatozoa of frogs or moss leaves 
were first more or less dehydrated through the action of strong 
sugar solutions. 

■ ■Experiments -in vitrj.fi cation with beer yeasts showed that 
for a successful transition from the liquid state to the vitreous 
without going through the crystallisation phase the organism must 
have very small dimen si on s ■ sine e in ■ this way there is less possi- 
bility for the formation of crystallization .centers in.it. In 
order to avoid the forma tion of costal s in the microbial cell "the 
rapidity 'with which the low temperature acts on the organism must 
be extremely great. 

When beer yeasts were cooled to low temperatures we used a 
special method for staining the cells with methylene blue. This 
method allowed us to determine the amount of dead and viable cells 
since the first took on a dark stain and could easily be calculated 
from microphotographs while the others rauained unstained. 

The authors of these experiments believe that the less the 
number of cells undergoing deep chilling the less the likelihood 
of crystals forming in them and vice versa, the greater the number 
of cells the greater the possibility of the formation of ice crystals. 

While this situation does not exclude the theoretical explana- 
tion of the causes of the great resistance of plant organisms and 
microbial cultures to low temperatures as vitrification, it does, 
however, indicate that in microbial cells the ice crystals apparently 
do not form, thanks to their small dimensions. As for the great re- 
sistance of the microorganisms to deep freezing and certain advantages 
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of cooling the microbes at low temperatures, this may be explained 
by Hie fact that at these temperatures evidence of irregular effect 
of cold on the microbes and factors of partial defrosting (thawing) 
are completely eliminated* Partial thawing during freezing has a 
very unfavorable effect on the organisms. This alone, from our 
point of vdew, is the advantage of cooling to very low temperatures 


- found in 


The positive side of low temperatures 


(- 172 u } -252 u ) must be included in their use for deep freezing more 
complex organisms with larger dimensions than the microbial cell. 

In this case the vitrification factor must be of great importance 
since the suddai solidi ft .riStinn r*f hnmr -uil i/vn.+ •, 4 

- — - «r* w*ttu.w 

. ~ nation phase prevents the formation of ice crystals which cause 
the death of the organism. 

In reviewing the causes of the resistance to cold in plant 
cells, microbial cultures, and microscopic animals we must consi- 
der the problem of the resistance to cold of spermatozoa of mammals. 
In this case we must look at the work of I. V. Smirnov (lOno) 
reported on extremely interesting experiments with the deep freezing 
of spermatozoa or mammal s. The author started with the vitrifica- 
tion theory. He managed to develop a method for preserving all the 
biological properties of rabbit spematozoa for a long time (up to 
32 days) and in principle solved Hie problem of preserving sperma- 
tozoa of bulls, stallions, and rams in a frozen state. 

i » j . Snij.rnov points out that attempts to preserve the 
viability of mammalian semen by freezing at -6°, -lj>, and -20° have 
not been crowned by success. For this reason he believes that the 
preservation of vital properties of spermatozoa and their capacity 
for insemination can be achieved only by deep freezing at a tempera- 
ture of -?8° ana -1 p6°, since at this temperature the vitreous state 
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of the spermatozoa is achieved -without passing through the 
crystallization phase* In making experiments to preserve the 
spermatozoa of rabbits at temperature oi -78° and -1 96° and to use 
them for -the impregnation of does, I, V, Smirnov obtained most 
encouraging results* For instance, when he inseminated 61 does 
with spermatozoa kept for various lengths of time (2, 1 5, 21, and 
32 days) under deep freeze conditions, he obtained litters from 
39 does with the young rabbits having a satisfactory course of 
development. Hie data obtained allowed the author to conclude 
in favor of the use of deep freezing for the preservation of 
semen and their use for artificial insemination. 

Thus the action of low temperatures on the more complex 
organisms of the spermatozoa under specific conditions not only 
does not result in their destruction but contributes to preserving 
their viable and fertilizing properties for a longer time. 

At present the deep freeze method is likewise being used 
with the aim of preserving the smallest invisible beings, the 
viruses, for a long time. Although this method is not as much 
improved as the drying method, it does permit us to preserve the 
virulent properties of viruses under laboratory conditions. 

In analyzing the exceptionally great resistance to low 
temperatures of microbial cultures, microscopic animals (rotifers, 
tardigrades, nematodes, infusoria, and others), and the spermatozoa 
of frogs and rabbits, the question arises as to what are the 
causes of this resistance. 

If we review the problems of anabiosis of living creatures 
under the action of cold we find it established that in freezing 
the cells are completely dehydrated with their liquid being trans- 
formed Into a solid state, that is, ice. If the cooling temperature 
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is not too low, for example -20° to -30°, the organisms retain 
their vital properties although greatly retarded* in the opinion 
of individual Investigators (Shmidt* Lozina-Lozinskiy, Sakharov). 
If the cooling temperature is very low (-2f?2°, =272°), approaching 
absolute zero* certain authors (Preyer, Claude Bernard, P. in, 
Shmidt) believe that cell life comes to a complete halt and ana- 
biosis as conceived by Preyer and P. I. Bakhmet*yev sets in. 

However these assertions may not be wholly correct since 
the resistance of microorganisms and microscopic anhnais to low 
temperatures must obviously be determined not by the number of 
degrees of the freezing temperature but by their biological 
properties, by the simpler cell structure of the organism, and by 
their size* This can be confirmed by the results of numerous in- 
vestigators who have studied the effect of low temperatures on 
various organisms. For instance, the use of cold in our experi- 
ments in freezing cultures of the anthrax pathogen showed that 
temperatures of -17° and -20° cause the destruction of 30.2$ of 
the microbial ceils during the first 2 hours and that the dying of 
the microbes then proceeds very slowly. If cultures are frozen 
at -17°, -20° in a mixture with serum colloid, the viability of the 
various pathogens of infectious diseases can be preserved for 10 
months and longer without diminishing the intensity of growth 
when transferred to nutritive media. 


Unsuccessful attempts at freezing and reviving many of the 
simplest organisms can apparently be explained by their compara- 
tively complex structure and greater size. In order to overcome 
this obstacle it is necessary that such organisms be partially de- 
hydrated in advance or treated with a mucilage agent. This is in- 
dies t-iort htr +jhe mnof nwwn 4-i r\\*a rVh “ r\ ^."2 fVfSn iis<4 


colloid in our experiments with microbial cultures and from Grayevskiy's 
preliminary treatment of frog and rooster spermatozoa with strong salt 
and sugar solutions before freezing. 
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Anabioai s In Desiccation 


Msny investigations have been made wife regard to toe phenomenon 


of anabiosis in the desiccation of microscopic animals, such as in- 


habitants of the mosses and lichens, insects, amphibians, and some 


warm blooded animals. Soviet scientists especially have conducted 


extensive research in this field* 


There is no reason for stopping to treat problems of anabiosis 


in the desiccation of insects, amphibians, or warm blooded animals, 


since this uould take us off into another area and -would sake more 


'difficult a concrete exposition of the problems of anabiosis in 


microscopic animals and micro organ.', sms. 


As already indicated, the definition given by Preyer (1B?3 ) of 


-the condition of dried microscopic animals, that is, rotifers, 


tardigrades, and nematodes, as anabiotic with total cessation of 


manifestations of life continued mo be contested by many investi- 


gators. The author in his nork on anabiosis identified 2 contrary 


forms of the absence of life. The first is when a living creature 


ay be lifeless yet capable of life and the second when a creature 


is lifeless but incapable of life, that is, dead. 


This is the starting point for treating the concepts of 


anabiosis of organisms during desiccation when the organism is hi 


lifeless condition but is capable of reviving when environmenoal 


conditions are changed. Some other investigators hold to this same 


point of view. 


Ie. A. Shulfts dried rotifers, tardigrades, and nematodes 


and established that when water was added the animals revived. The 


author also studied the question as to whether vital functions cease 


during desiccation. In order to do this he placed dried organisms 


for 2 weeks in pure hydrogen and the animals revived a* usr thawing 
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and hydration. This experiment, in the author*s opinion* proves 
the absence of gas exchange and oxidizing processes in the 


organism of the dried animals. 

A great deal of work on the effect of desiccation on the 
organisms of rotifers* tardigrades and nematodes was cone by P. 
Xu. Shmidt (1922). he determined that a change in moisture and 
temperature has a destructive effect on the viability of the .. . 
organisms when kept in a dry state and a larger number of dried 
animals die as the storage time is extended. 

In order to test the possibility of total desiccation, P. 

Xu. Shmidt made the following experiments with rotifers. The 
animals were first dried on covered slides in air and then placed 
in test tubes with calcium chloride for more complete desiccation. 
After this the rotifers were transferred- -to wide tubes containing 
metallic sodium, lor 16 days the air was exhausted from the test 
tubes by a mercury- pump- with the vacuum "reaching 0.2 mm. Then 
the test tubes with the rotifers were sealed and stored for 3 
months. 

This method allowed Hie investigator to remove traces of 
moisture from the dry rotifers. The metallic sodium was there- 
upon converted into sodium hydroxide. In this case oxygen xvas 
removed from the test tubes containing the rotifers and only a 
small amount of nitrogen and hydrogen remained in them, tohen 
tested after 3 months a portion of the rotifers revived. 

P. Xu. Shmidt believes that with the removal of moisture 
from the rotifer organism and the absence of oxygen in the test 
tube respiratory processes in the organism cease. However, ob- 
jections regarding minimal (retarded) life are not eliminated by 
these experiments t ._ 
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sitate subjecting the dried rotifers to the action of very low 
temperatures. 
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Experiments in drying rotifers* tardigrades, and nematodes 
in approximately the same form were carried out in 1923 by other 
scientists and proof wag given of the possibility of these animals* 
retention of their viable properties for a long time in a dry 
state* In addition, the dry organisms were subjected to cold by 
placing them in liquid air at a temperature of -180°, in liquid 
hydrogen at a temperature of -253° and liquid helium at -271 °« 

The action of liquid air showed that the animals retained their 
viability at this temperature for 20 months. They did not lose 
their viability when under the influence of ' liquid hydrogen for 
26 hours nor under liquid helium for 7 hours- 

P. Yu. Shmidt in his book, Anabioz [Anabiosis] (19U8), in 
analyzing data from observations of Investigators in Hie field of 
the anabiosis of rotifers, tardigrade©, and nematodes, points out 
that very retarded life processes may take place in the organism 
of the dry rotifers, tardigrades, and nematodes only when they 
are dried under natural conditions where a slight amount of 
moisture may be retained. Under experimental drying and storage 
under vacuum the vital process in the organism of these creatures 
comes to a complete halt. This lifeless state, in P. Yu. Shmidt’s 
opinion, may last for a very long time and after the vacuum is 
resolved and water is added the life processes of the organism are 
restored and the animal revives. 

As a basis for a theoretical hypothesis on the cessation of 
life processes when rotifers, tardigrades, and nematodes are desic- 
cated experimentally, P. Xu. Shmidt cites the deep freeze factor. 
While minimal gas exchange, and consequently, retarded life are 
theoretically possible in dry organisms that contain a little 
moisture and are kept under natural conditions, the author says. 
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with the action of low temperatures of -253° and -271° no life 
processes or gas exchange in the organism are possible. Hence 
P. Yu. Shmidt in essence shares the opinion of those who believe 
that individual living creatures may have a total cessation of 
life processes during desiccation and may revive following the 
addition of water. 


Becquerel holds approximately the same point of view with 
regard to anabiosis in trie inhabitants' of mosses and lichens 
(rotifers, tardigrades, infusoria, amebae) and certain algae when 
dried under natural arid artificial conditions. For example, he 
believes that in desiccation these creatures pass from active to 
retarded life. This retarded life of individual organisms in a 
dry state under vacuum may last not for months but for years. For 
instance, cultures of algae dried by Becquerel and kept in a dry 
state under vacuum for 22 years were viable when examined. At the 
same time he believes that certain organisms, and algae in 


rticulsr. when ds sicca 


luia and cold for 20 hours in 


liquid nitrogen and for 7-5-16 hours in liquid helium, pass into 
a "state of the absence of life," that is, into a state of 
anabiosis in Preyer*s meaning of the word. 

Thus the basis for adherents of the theory of total cessation 
of life processes in the dry organism of microscopic animals is 
the criterion of the capacity of the organism to resist deep freez- 
ing in a dry state. However there is hardly any difference in the 
effect on the body of almost total desiccation without oxygen and 
deep freezing. If we approach this question from the point of view 
of the presence or absence or the metabolic process in the organism, 
they must in a like degree be reduced to the minimum or to total 
cessation. In addition, the action of deep freezing on the organism 
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already in a dry state cannot be stronger if only for the reason 
that the organism in this case contains practically no water and 
is extremely resistant to the action of environmental conditions, 
including deep freezing and heating. In addition, we can hardly 
distinguish the effect of a temperature of -75° or -180° on the 

organism in a dry state from that of deep-freeze temperature (-2 53°, 
- 271 °). 

In seems to us that the criterion of the cessation of 


living processes in the organisms of rotifers, tardigrad.es, and 



factor of the absence of metabolism in the organisms of these 
animals. We still do not know a situation where metabolism would 
be possible in even a retarded form when organisms are kept for a 
very long time in a dry state under vacuum. 

While treating the adherents of the idea of minimal life in 
organisms when desiccated, we must point out 'the work ox certain 
investigators. Some of them, for example, believe that desicca- 
tion, like low temperatures, creates conditions under which all 
chemical reactions are impeded, thanks to which there is less 
destruction in the rotifer organism. The authors express the con- 
jecture that the drying of the rotifers is apparently not abso- 
lute, that some traces of moisture remain in the body and this is 
sufficient for the prolongation of life. As a result of observa- 
tions the investigators come to the conclusion that there is no 
basis for assuming a total cessation of metabolism in the body of 
the dried rotifers. While there is a trace of moisture, life 
processes are possible although obviously in a very retarded form. 
Thus the authors believe that rotifers in a dry state have a latent 
and retarded life. 
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In his book on Spyachka zhlvotnykh [Dormancy in Animals J 
(1936), U .1 . Kalabukhov points to the possibility of life processes 
and consequently of retarded metabolism in the organism of dried 
rotifers, tardigrades, and nematodes subjected to desiccation under 
natural conditions. In addition, the author believes that life 
processes are possible even under artificial desiccation if a 
certain amount of moisture is retained in the body, lor this reason 
the author expresses doubts as to the total cessation of life, 
since the possibility of reviving dried animals is limited to a; ;- 
specific time, - that is, -depends-.- wholly, on ....the. length, of the storage 
period in a dry state. 

On the problem of anabiosis in tardigrades during desicca- 
tion we have the report of If* 1. Labuneis (1950) in which the author 
describes his experiments using the in vivo method of staining 
reserve cells with neutral red in order to elucidate the phenomenon 
of desiccation of animals. 

The fact is that in the cavity of the tardigrades there is a 
reserve substance called the reserve cells. Ihe latter contain a 
nutritive substance and during hunger the number of these cells 
decreases in view of the consumption of the nutritive material 
bound in them. 

Having set himself the job of studying the condition of the 
tardigrade organism in the dry state, N . F. Labunets quite cor- 
rectly turned his attention to the problem of the possibility of 
fixing these cells in order to determine the presence or absence 
of life processes in the organisms of these animals. For this pur- 
pose he proposed a special method for staining the reserve cells of 
tardigrades red in vivo by using neutral red, l/ftien the tardigrades 
are placed in the stain solution the first to be stained are the 
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reserve cells of the throat, then of the entire intestinal tract 
(the stain penetrates only th rough the intestine but not through 
the cuticle)* After 2 days the tardigrades -were removed from the 
stain solution, the number of stained reserve cells was computed 
and a sketch was made of the. body of each tardigrade (Figure 22). 
After this the stained tardigrades were dried on object glasses in 
a desiccator over calcium chloride at a temperature of In 0 , 15° for 
different periods of time (from 10 to 60 days) and then hydrated 
for the purpose of total restoration of life processes. 

As a result of th- experiments done by h. F. Labunets he 
determined that in ohe organisms of revived tardigrades there had 
taken place grave modifications in the sense of a reduction in 
the number of reserve cells. 


Ihe diminution in the number of reserve cells in tardigrades 
during the period in the desiccator shows that vital processes in 
— - organism do not cease during desiccation since the dying ox 
the reserve ceils indicates the consumption of the accumulated 
nutritive material found in them. 

Ihus the theoretical hypotheses of a number of investigators 
on the retarded (minimal) life for a short period of time in the 
organism of microscopic animals such as the tardigrade, rotifer, 
and nematode in a dry state under natural conditions were proven 
by the experiments of ft. F. Labunets. 

However these experiments must not be considered as proof 
in explaining the vital processes in the organism of tardigrades 
kept for a long time in a dry state under vacuum. Labunets used 
a simple drying method without using a deep vacuum and his obser- 
vations of the dried animals were made during a very limited period 
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of time ClO-60 days). In addition, inasmuch as the tardigrades 
we re dried in a desiccator without a deep vacuum, the degree of 
desiccation was obviously not thorough i^hich might cause a 
gradual dying of the reserve cells as the tardigrades dried out* 
Labunets' experiment is closer to natural conditions of desicea* 
tion of the tardigrades in mosses and lichens than to experimental...... 

desiccation in a vacuum apparatus with subsequent long storage 
under' vacuum. 

While. the theoretical basis of the vital processes in 
rotifers , tardigrades, and nematodes during desiccation presented v 
very grea t difficulties, the problem of manifestations of life 
when minute creatures like the microorganisms are dried is dif- 
ficult to an even greater degree. 

The study of manifestations of anabiosis in rotifers, 
tardigrades, and nematodes in the dry state has permitted investi- 
gators to penetrate more deeply into the essence of Hie biological 
properties of these animals. Their comparatively great sise makes 
it easier to observe each animal apart under normal conditions under 
the microscope, in a dry state, and during the restoration of vital 
processes, that is, during the transition from the dry to the 
original state. Making such observations during the study of dry 
microbic cultures has been hampered greatly by the extremely small 
size of the microbial cells. 

In our work on the desiccation of microorganisms we aimed at 
studying the manifestations of life in microbes in a dry state. 

As a basis for our research we selected the well known tenet of I* V. 
Michurin and I. B. Lysenko regarding the rol© of the environment 
and its effect on the organism. By changing the environment of the 
microbes during desiccation we basically changed their metabolism. 
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As a consequence of the radical change in the environment the 
viability of the microbes 'was not lost but was succeeded, ap- 
parently, by a temporary cessation in the vital processes. 

Before passing to a survey of the question of anabiosis 
in microorganisms during desiccation, let us deal briefly with 
characteristics of nutrition and respiration in microbes under 
ordinary condition of cultivation. 

As we know, a constant metabolic exchange oe tween the 
cell and the external environment is a necessary condition for 
the life of the microbes* The microbes assimilate ana excrete 
various gases and liquid substances during metabolism. In the 
microbial cell numerous complex processes of assimilation and 
dissimilation are constantly taking place. The nutrition of the 
microbes demands nitrogenous substances, carbohydrates, and a 
small amount of the minerals. The nitrogenous substances are 

-tt ee # - ^4a- buildia g - a) c-ell-w hl] e the — .. 

nannitrogenous substances (carbohydrates) serve as a source of 
energy. 

The process of microbial nutrition is accompanied by a 
destruction of substances and their conversion into new compounds. 
The destruction of various substances in the microbial cell is in 
turn accompanied by exothermic reactions which constitute the 
essential feature of respiration for a large number of microbes. 
Thus during metabolism the microbes are in constant need of nutri- 
tive substances and free energy. 

The processes of nutrition and respiration are constant in 
the microbial cells and the more energy involved in these metabolic 
processes the more intensive the developmental activity, that is, 
propagation, aging, and dying. The termination of these processes 
first brings the microbe to retarded life and then to death. 
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Among the elements necessary for microbe nutrition, the 
principal place is occupied by the organogens C, H, and 0 from 
which protein, the principal life bearer, is constructed. 

Microbe nutrition takes place under conditions of specific 
humidity when the nutritive substances are capable of passing 
through the membrane of the microbial cell. For this reason 
microbial cells contain an average of 80$ water. Studies have 
shown that the water contained in any nutritive substrate where 
microbes propagate has a marked influence on the entire course 
of their development. From this it is clear that nutritive 
substances dissolved in water are one of the essential condi- 
tions under which the nutrition of bacteria takes place. 

All the characteristics of the cells, that is, the 
capacity to reproduce and the capacity for motion and metabolism 
depend basically on the presence of moisture in the external 
environment and in the bacterial cells themselves. An in crease - 
or decrease in the a moun t ..of water in the l iving cell under n ormal 
conditions is reflected very strongly in its viability. The ab- 
sence or insufficiency of moisture in microbial cells may induce 
a cessation of all vital functions and even death. 

A second basic condition for the vital processes of 
bacteria is respiration. Facultative anaerobes absorb atmospheric 
oxygen and secrete carbon dioxide and water as end products of 
respiratory exchange. Many species of microbes possess an incom- 
plete respiration where the processes of oxidation of organic 
substances does not carry through to the fomation of carbon 
dioxide and water as end products of exidation. 


The respiration process in anaerobic bacteria takes place not 
through oxidation but through the splitting of organic compounds in 
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the absence of free atmospheric oxygen. For this purpose the 


exothermic reaction may be utilized, characterized by the libera- 
tion of energy independently of whether it is oxidation or 
reduction. However* -certain anaerobic bacteria may develop under 
environmental conditions where there is a slight amount of oxygen. 
In addition, anaerobic microorganisms utilize for their develop- 
ment the oxygen of nutritive media where it is bound with organic 
compounds* - 

In general, independently of the nature of respiration in 
various microbes when stored under ordinary conditions they need 
certain conditions, that is, the presence of a liquid medium. 
Otherwise the process of gas exchange in microbes must inevitably 
come to a halt which in turn induces a termination in metabolism. 

As we see from the above, microbes require nutritive sub- 
stances, water, and atmospheric oxygen for life and development. 

For a maximal retardation of the life processes in microbial cells, 
for cessation, that is, where the cell is in a state of anabiosis, 
tiie microbes must be deprived of moisture and atmospheric oxygen. 
These conditions are created when microbial cultures are desiccated 
and stored under vacuum. However, it is not enough simply to 
transfer the microorganisms from one state to another. 

In order to achieve the preservation of a significant number 
of viable individuals and their basic biological properties we need 
to create, a special defensive medium based on the biological 
properties of the microbes. 

Thus, in the light of present day knowledge of the problem 
of desiccation of biological substances end living creatures we 
need not only to develop new methods for preserving the cultural 

- 90 - 



Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 




Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 



biochemical and virulent properties of microorganisms but to find 
a theoretical basis for the possibility of prolonging the life of 
microbes under new ami artificially created conditions. 


The complexity of determining the state of such micro- 
scopically small creatures as microbial cells in the dry stage 
limited us in our study of this problem with relation to the use 
of already known methods. For instance* it was impossible to 
use the microscope to study the visible condition of microbial 
cells (stage of desiccation and revival following addition of 
water).. In this case, when studying dry- cultures* we had to 
employ mej^hods based on maximal dehydration, the storage of the 
cultures under vacuum* and a study of the viability of the microbes 
by determining the number of living microbial cells after a 
specific storage period. 

The method of desiccating microbial cells from the frozen 
state under vacuum has bean widely used in medical and veterinary 
institutions. In works published on this problem we have had by 
and large a description of the technology of desiccation and the 
use of dry microbial cultures* However there are as yet no ex- 
hauetive explanations of the exceptional resistance to the influence 
of the environment which is acquired by microbial cells when 
desiccated artificially. 

As already pointed out, while the preservation of life in 
microbes under ordinary conditions requires certain conditions 
such as the presence of moisture, nutritive substances* and at- 
mospheric oxygen* the preservation of viability in desiccated 
microbes requires a directly opposing environment. In this we 
must consider the dialectical opposition when negative sorting causes 
(desiccation) are converted into positive ones where there is an 
abrupt change in the environment of the microorganisms. 
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However, it would be incorrect to believe that desiccation 
alone is sufficient for this. In order to preserve life as long 
as possible in dry cultures, many investigators have spent a lot 
of time seeking additional substances which aid in protecting the 
microbial cells during experimental desiccation and during preser- 
vation, Such protective substances are the protein colloids and 
certain crystalloids. In addition deep vacuum must be added to 
the .number of ■ defensive -factors. 

In order to change the character of the life of "microbes 
it was necessary to create conditions under which there would not 
■ be a 'termination of life, that is, death, but at the same time 
there would not be intensive life processes in the microbial cells, 
'since Hie more intense the vital processes, metabolic processes, 
developmental processes, the more rapid the aging and dying of 
the microbial cells. For instance, we know that the average rate 
of propagation of microbial cells in the majority of bacterial 
species is approximately 70 generations per day, that is, cell 
division takes place each 17-2$ minutes. In this process a part 
of the microbes soon start to die while another portion of the 
cells continues to develop and produce new generations of cells, 
"etc, Hsnce it follows in theory that the more retarded the vital 
processes in microbial ceils, the longer the viability of the 
cells should be retained, 

kith regard to explaining the retarded life processes in 
certain, microscopic animals and microorganisms under natural con- 
ditions it is essential to point out manifestations of retarded 
life in certain more highly organized animals which go into 
periodic hibernation. During this time the nourishment of the 
animals from without comes to an end and the vital processes in 
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the body take place much more slowly. Almost the same thing can 
be observed in the inhabitants of the mosses and lichens when the 
organisms of rotifers, tardi grades, and nematodes and certain 
other animals -which become encysted under natural conditions are 
capable during desiccation of passing into an anabiotic state 
and preserving their vital properties for a long time. The vital 
processes in these dried animals are very slow, in the opinion of 
the majority of investigators.- 


Among the microorganisms capable of undergoing desiccation 
under natural conditions must he included the sporogenous microbes 
of the soil. ' -During- '.their evolutionary -- development' the latter 
worked out a defense .reaction against' unfavorable influences on- 
the mart of the environment. This reaction is characterized by a 


large loss of water in the cells, by intensive thickening of the 


protoplasm, and the formation of an almost impenetrable membrane 
srouncr the" spore, " suppos e“that the vital processes" in diheser 


spores is greatly retarded, that is, they are in a slate of anabiosis. 


i.r we analyze ail tnet we nave saia about une anaoiosxs ox 
microscopic animals and sporogenous microbes under natural condi® 
tions, we may draw ttie following conclusions. 


By experimentally changing environmental conditions of non- 
sporogenous labile microorganisms, we may induce in them a state 
of anabiosis. For this reason the work of many investigators in 
the field of desiccation of various cultures has been characterized 
by a tendency toward the creation of new conditions for the micro- 
organisms and viruses. 


In studying the length of time during which dry microbial 
cultures can retain their viability some authors (Dolinov and 
Balayan, Kolesov, Kozlov, Del’nik and Vinogradov) tested not only 
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their vegetative bio chord, cal and virulent properties but took into 
consideration the number of viable and dying microbial cells. As 
a result of the research it has been established that the vital 
properties of dry microbial cells are preserved for a very long time. 

For instance, K. Ye. Dolinov and L. B. Balayan (1946) in- 
vestigated strains of dry pneumococcus culture in storage for 38 
months and established the gradual dying of some microbial cells. 

The authors point out that the number of viable microbes follow- 
ing desiccation and preservation under vacuum for 38 months was 
reduced in one case to 33 and in ano ther to 79 p* It is characteristic 
that the viable properties of pneumonococcal microbes are retained 
much better following, desiccation in serum. For instance, the 
number of viable pneumococcal cells dried in serum was 33-79$ when 
tested after 38 months, while in a desiccated bouillon culture the 
number of viable cells reached only 2.8-8$. On this basis the 
authors have concluded that the gradual dying of microorganisms 
during their preservation in a dry state shows that the vital 
processes in the ceil do not cease. 

Yu. A. Kozlov, B. S, Del'nik* and V. V. Vinogradov (1948) 
dried bacterial cultures of typhoid fever, paratyphoid A and B, 
dysentery, brucellosis, staphylococcus, Escherichia coli, and 
others. For a drying medium they used a 10$ solution of sucrose 
with 1.5$ of gelatin. As a result of the examination it was found 
that after a year 9 a preservation the dried microbial cultures con- 
tained 1-7$ viable cells. The slight percentage of viable cells 
was regarded by the authors as a feature of the methodology employed 
and as due to a slight trace of moisture in the cultures following 
desiccation. However, this method, in the authors 1 opinions, is 
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thoroughly useful for preserving museum cultures. Concerning the 
condition of the microbes, the authors indicate that the life 
processes in dry cultures do not come to a halt and that lysis of 
bacteria takes place during the entire preservation period under 
vacuum and is even quite intense in the more labile cultures. 

In our experiments (1944-1948) we dried bacterial cultures of 
calf and pig paratyphoid fever, brucellosis, pasteurellosis, lamb 
dysentery, strangles streptococci, swine erysipelas, glanders, and 
pul lo rum disease of poultry, A more detailed exposition of the. 
results of these experiments will be given in a special chapter. :: 
Here we want only to mention the problems of viability ox dry 
microbial cultures anc; their resistance zo external factors. 

Many investigators (Lolinov and Balayan, Kozlov, Del'nik 
and Vinogradov) have established the fact that as the result of 

-the' u^sl-oGa- : fe^--o#-trdo^&bial--ciLL lures'“in"'a'Tfi^zen” certaih 

mwihpr nf +.Vie> <-> a _ n . . . . 

— nowever scienmic literature 

has as yet presented no data on the causes of death among the 


microbial cells, h e do not know whether- this takes place as a 
consequence of the action of low temperature or if the desiccation 
process itself has an unfavorable effect on the individual microbes, 
lor this reason we thought it necessary to study the effect of each 
fact by itself, in order to get a fuller concept of the causes of 
death m microbial cells following freezing, desiccation, and 
storage* Vvith this aim in mind ve set up special experiments 
using a culture of the calf paratyphoid fever pathogen. 


The order of the experiments was as follows. After washing 
and determining the optical concentre tion in a paratyphoid culture 
we determined the number of viable microbial cells. Then we added 
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to the culture as a protective medium nomal serum in one ease, 
gelatin in a second, and a physiological saline solution in a 
third, Ihe culture samples thus prepared were packed in specific 
doses in ampules and first frozen and then dried. 

Determining the number of viable cells indicated that a 
large percentage of the microbes die during freezing and a smaller 
number during desiccation,- -For -instance, in the serum culture 
'die number of viable microbial cells following freezing was 60$, 
following desiccation 46$. In the gelatin culture the number of 
viable cells was 55 . 1 $ following freezing, 44 $ foil wing desicca- 
tion. In the. culture with the physiological saline solution the 
number of microbial cells after freezing was 13.6$ and after 
desiccation 7,3$ (Figure 23). 

Experiments showed that the majority of the microbial cells 
die as a result of the action of cold and not as the result of 
the desiccation process and that the protein colloid used acts as 
a great protective agent for the microbial cells during freezing 
and desiccation. 

In order to study the condition of the dried microbial 
cultures during prolonged preservation we set up experiments for 
determining die number of viable cells. In this case the experi- 
ment was made with the paratyphoid culture described above. The 
culture was kept under vacuum in ampules at ordinary room tempera- 
tures of 13-20° and 27 °. In the culture dried with serum there 
was l e 0-1.3$ of residual moisture, in the gelatin culture 3«W, 
and in the culture with no protein colloid 0.8-1. 2$. 

Vi»hen the experiments were carried out we obtained the follow- 
ing results. In the serum culture after 12 months of storage the 
number of viable microbial cells was 4l.8$, after 24 months 34,5$, 
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and after 36 months 30*4$, In the gelatin culture the percentage 
of viable microbes was 38.7 after 12 months, 13 after 2 4 months, 
with no growth at all after .36 months. In the culture to which no 


protein colloid had been added the number of viable microbial cells 
was 4.5$ after 12 months, 3.7$ after 24 months, and there was no 
growth at all after 36 months (Figure 23). 

from the data cited from the study of bacterial cultures of 
the pathogen of paratyphoid fever in calves w e can see that the 
viable properties of microbes are not lost during desiccation and 
storage under vacuum, despite the absence of moisture, nutritive 
-substances , and atmospheric oxygen. The viabl e properties of 
microbes in dry cultures nay be preserved for an exceedingly long 
time. This is plainly confirmed by the fact that as the length of 
storage time of dry cultures increases the number of viable 
microbial cells decreases gradually. This may be explained by the 
fact that the processes of decay, in the dry cultures take place 
very slowly and that in essence they even contribute to lengthen- 
ung the preservation period ior the viable properties. 

For instance, the principal and requisite conditions under 
which anabiosis in microorganisms is possible are a protective 
protein colloid, deep vacuum, and the drying factor. 

From our experiments it can be seen that the selection of a 
drying medium such as the protective protein colloid is of great 
importance in preserving the viable properties of this or that dry 
culture. For instance, normal serum as a protective medium during 
desiccation was most effective, providing for a longer preserva- 
tion of vital properties in the microbie cultures in the dry state* 
It must be indicated that we achieved positive results in all 
cases where we used normal serum as a protective medium for desic- 
cation of sane other microbial cultures. 
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Although gelatin has pronounced protective characteristics 
as a drying medium during freezing and drying, the dying of the 
microbes dried with gelatin takes place much faster than in 
cultures dried with serum. We also noticed manifestations of 
lysis of microbial cells which were confirmed by a macro or 
microscopic examination of the dissolved cultures and stained smears. 

The lysis of cultures dried with gelatin and sucrose has 
also been indicated by other investigators. For example, lu. A. 
■Kozlov, B. S. Del’nik, and V. V. Vinogradov used gelatin and 
sucrose as a drying medium and determined the lysis of microbes 

when they were preserved iri. a dry state, Thi* process VQ-S-~ron— 

nected by the authors to the presence in the dry cultures of a 
marked percentage of residual moisture <3—7 ) 

Such a view of the lysis of microbial cultures dried with 
gelatin is apparently correct since the more moisture in ary cultures 
the more rapidly they die. As for the amount of residual moisture 
indicated by the authors 0-1%) t it must be considered rather high, 
for- our experiments in determining trie amount of residual moisture 
in cultures dried with serum showed that the residual moisture did 
not exceed 0.4-0.?$ to 1. 0-1.5$. When cultures were dried with 
gelatin and sucrose the amount of residual moisture was likewise 
large (2.7$, 3*4$, 4.17$). We also noticed that gelatin as a pro- 
tein colloid lends itself much less easily to drying. 

The majority of bacterial cultures which we dried were 
facultative anaerobes. As our experiment showed, their preserva- 
tion in a dry state without admission of free oxygen, that is, in 
a vacuum, not only did not damage them but on the contrary had a 
propitious effect on lengthening the preservation of vegetative, 
cultural biochemical, and virulent properties. For instance, 
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cultures dried with a serum colloid and kept under vacuum for 6 
years at room temperatures, possessed good vegetative properties 
and a. high virulence when tested. At the same time other samples 
of these same cultures hut preserved in vacuumless ampules filled 
with dry air produced no growth when tested after 1 5 months. 

The results of these experiments are produced in Table 3. 

TABLE 3 

COMPARATIVE LATA ON TESTING DRY MI CEO •3IAL CULTURES 
. PRESERVED UNDER VACUUM AND WITHOUT '.VACUUM ... 

Length of Results of 

Nanis of S Storage Seeding wwirLtive 

Culture No Gas Medium (in months) Media 


Salmonella enteriditis 5 

vacuum 

75 

intense growth 


dry sir 

; 15 

no growth 

Salmonella cholera e-suis 5 

va cuuiri 

' 75 

intense growth 


dry air 

15 

no growth 

Poultry septicemia culture 

vacuum 

A8 

intense growth 

115 

dry air 

15 

no growth 

Sheep septicemia culture 

vacuum 

US 

intense growth 

k>$19 

dry air 

15 

no growth 

Streptococcus equi D-9A 

vacuum 

66 

intense growth 


dry air 

15 

no growth 


We see from the table that the resistance of the dry 
microbial cultures in the preservation of their viable properties 
depends on the presence or absence of atmospheric oxygen in the 
ampules. Where there was a vacuum in the ampules, the cultures pro- 
duced intense growth when transferred to culture media, but where 
the ampules contained air dried by passing over newly regenerated 
calcium sulfate the cultures produced no growth. Other experiments 
showed that when dry cultures are kept in unsealed ampules with 
constant access of atmospheric oxygen, the dying process of the 
microorganisms is accelerated. 'Whereas microbes of dry cultures 
retained their viability for 15 months in ampules filled with dry 
air and sealed, those in unsealed ampules were good only for 6-7 
months. 
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Accelerated drying of dry microbial cultures when stored 
without a vacuum has also been pointed out by other investigators. 

For instance, K.. Ye. Dolinov, and L s B s Balayan found in testing 
the viability of dry pneumococcal cultures that microorganisms 
kept in dry air perished much earlier. For example, cultures kept 
under vacuum were viable for 38 months while those stored in 
ampules filled with dry air were viable for 6-7 months. 

In tills connection we must treat the problems of the decomposi- 
tion of organic substances cited in the work of V. 0* I'auson. In 
studying the decompositlori (disintegration) of organic substances 
"in peat bogs, V, 0. Ta us on cane -'to the conclusion that the most 
rapid and complete decomposition takes place where there is consi- 
derable atmospheric oxygen available, that is, on the surface of 
the soil. In the deeper layers the decomposition of organic sub- 
stances proceeds much more slowly since the ' availability of oxygerr 

is limited by other organic substances, or rather decomposition 
products, lying in the upper layers. 

For instance, experiments and observations by both us and 
other investigators have shown that one of the basic requirements 
for preserving microbial cultures in a dry state, in addition to 
dehydration 3 nd the use of a protective serum medium, is a deep 
vacuum during storage. The greater the access of atmospheric 
oxygen to the dry cultures, the more rapidly they die. The rapid 
destruction of dry microbial cultures when stored without vacuum 
may be explained by the fact that decomposition 'of protein in ihe 
cultures in this case takes place as the consequence of oxidaticfi 
processes. When kept under deep vacuum the anabiotic state prevents 
the microbes from dying in large numbers, thanks to whieh their vital 
properties are preserved for a longer time. 
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In order to test the resistance of dry microorganisms to external 
factors we subjected them to low and high temperatures. !or in stance, 
dry cultures of para typhoid fever of calves and pigs, xioaoriu* &».c s«p uj -~ 
cemia of sheep and hens, brucellosis of swine, and Streptococcus equi 
were placed in vacuum ampules in a refrigerator at a temperature of -1? , 
-20° and kept in the cold for 28 months. After this time all these 
cultures possessed good vegetative -properties when transferred to nutri- 
tive media. Hie results of this experiment showed that the prolonged 
action of low temperature does not have a iiamfui effect on the via oils, ty 
of dry microbial cultures. 


Tests of the effect of high temperatures on dry microbial cultures 
were made at > 0 °, 75° artd'iOS^.' In all ^ eases the cultures 'were in 
sealed ampules under vacuum. The action of the 50° temperature con- 
tinued unbroken for hO days (Table 4). 

"RLE 4 




EFFECT OF HI® TEMPERATURE ON THE fl ABILITY OF DRY CULTURES 

Length Results of Seeding on 


Name of Culture 

Strain Ho 

Tempera Pure 

of 

Thermostat 

of 

A c iioii 
m days 

MPB _ KPA 

(]U ea t-pep- (m es ] 
t one-b ro th ) tone-a 

Septic emia of hens 

1664 

50 

4o 

- 

• 

Septicemia of sheep 

24 

50 

4o 

+ 

+ 

Septicemia of cattle 

sa.8 

5o 

40 



Brucellosis 

39 

50 

40 


4- 

Salmonella enteriditis 

315/9 

50 

40 

+ 


Salmonella cholera e-suis 

9 

5o 

40 

- 

- 

Streptococcus equi 

D-9A 

5o 

4o 



Streptococcus equi 

D-9/2 

5o 

4o 

+ 

+ 

Streptococcus equi 

D-9/3 

5o 

40 


•¥ 


From Table 4 we can see that all the cultures with the exception 


of strains of hemorrhagic septicemia of hens and paratyphoid of pigs 
possessed vegetative properties after Uo days at a temperature of $0°. 




O'-'! 15 
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At a temperature of 75° the cultures of Pasteurella re- 
mained viable for 3-5 hours and at 100-105° for 1-3 hours. Cultures 
of htreptocoocus equi and paratyphoid fever of calves retained 
their viability for 5-8 hours at 75° and for 3-5 hours at 100-105°. 

Thus the data from these experiments show that by providing 
new conditions for nonsporogenous microbial cultures, that is. by 
desiccation, one may obtain, a new quality in them, a high resistance 
to high end low temperatures. 

Vie must here point out that the cause of the very great re- 
sistance of dry microbial eu3 tures .-Is net only the fact that the 
microbes undergo total desiccation and are stored under vacuum but 
by the fact that they are dried in a protective protein colloid. 

the use of the desiccation method for microbial cultures and 
their storage under va cum radically change the medium in which they 
exist. The question arises as to whether such powerful factors as 
low temperature and almost total desiccation are able to affect the 
nature of the microorganisms by causing a change in their hereditary 
characters. If these characters of the microorganisms do not change 
is this not in contradiction with the Michurin doctrine that the 
effect of the environment is the principal factor which effects the 
hereditary characters of the organism* 

Our experiments and the research of others in this field 
indicate that natural properties of microorganisms subjected to 
desiccation and prolonged storage under vacuum do not change. 

This can be _ explained by the fact that vital processes of dry 
microbial cultures kept under vacuum apparently come to a complete 
halt, where metabolism in the sense that we understand it is 
completely absent. But we know that the basis for die change in the 
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nature of a living organism is metabolism since the doctrine of 
T# 33 • lysenko says ”the cause of variation in the living body Is 
a change in the type of acclimatization, in the type of. metabolism- 
Change the type of metabolism of a living body and you will 
change its heredity pattern.” 

lie have already pointed out that freezing and desiccation 
of microbial cultures under experimental conditions not only does 
not harm the vital properties of Hie microbes but on the other 
hand contributes to a preservation of their cultural biochemical- 
immunogenic, and virulent properties. For this reason questions 
of the desiceatlori and preservation of nil Croo is 1 cultures arid 
living bacterial vaccines in the work of veterinary and medical 
microbiological institutions has not only practical but great 
theoretical importance. The significance of the theoretical answer 
to these questions lies not only in the fact that methods for drying 
microorganisms and living bacterial vaccines and their preservation 
in that state allows us to expand our knowledge of the life of 
microbes. Earlier concepts of the viability of nonsporogenous 
microorganisms following freezing desiccation were erroneous. 

The data from our experiments and those of other investigators 
offer evidence that nonsporogenous microorganisms may be kept for 
a long time in a frozen and dry state not only under experimental 
but under natural conditions. 

As for experimental desiccation of microbial cultures, in 
this case the viability of nonsporogenous microbes has been pre- 
served for years (5-6) by using a serum colloid protective medium 
during desiccation and by storing them under vacuum. It must be 
pointed out that microbial cultures in a dry state not only possess 
the capacity to grow when transferred to a culture medium but 
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preserve their cultural biochemical, virulent, and immune genic 
properties. This confirms our hypothesis of anabiosis in minute 
living creatures microorganisms as a property which permits us 
not only to preserve their viability but to define the limits of 
their life. A study of the condition of dried microorganisms which 
have been preserved under vacuum for a long time shows that the 
limits of life of microbes goes far beyond the limits heretofore 
established by science and practice. 

In surveying problems connected with anabiosis in micro- 
organisms .during., desiccation. we must deal briefly with . the ..causes' 
of the resistance of microbes. We must assume that the resistance 
of bacteria is not a chance phenomenon, that during the evolutionary 
process not only sporogenous but nonsporogenous microbes acquired 
the capacity of resisting desiccation under natural conditions. 

This is confirmed by the teachings of T. D. Lysenko on the effect 
of the environment on the formation of organisms and the develop- 
ment of hereditary characters in them. When subjected to desic- 
cation under natural conditions, microbes like other organisms 
developed capacities for retaining viability without manifesting 
any visible life processes with which such phenomena as movement, 
propagation and, most important, metabolism are usually associated. 

The organism greatly reduces its vital functions during de- 
siccation since dehydration at first diminishes and then completely 
terminates processes of assimilation. Thus desiccation causes mani- 
festations of great inhibition and possible cessation of life in 
the organisms, as believed by some investigators, and this is 
classified as anabiosis. 

From what we said at the beginning of this chapter we saw 
that the more complex and highly organized the organism the more 
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rapid irreversible changes take place during desiccation* Uiis 
means that manifestations of life and death in microbes and 
other organisms must be associated with the fact that their vi- 
ability is preserved in those instances inhere irreversible 
processes have not taken place. In colloid chemistry, for ex- 
ample, we distinguish between reversible and irreversible col- 
loids. Following desiccation reversible colloids are totally 
soluble in water while irreversible colloids settle down in the 
form of a solid precipitate. As is the case with the desicca- 
tion of microbial cultures their viability apparently depends on 
reversible s nd irreversible: 'change the experimental"' de sic- 
ca tiori ’ of microorganisms reversible changes are easily produced 
as a consequence of the almost total removal of moisture, the 
use of a protective protein colloid, and the presence ox a deep 
vacuum during storage. However we must not assume that reversible 
changes which take place in microbial cells during experimental 
desiccation make it possible to preserve their viability for an 
indefinite time. In this case the dying processes in the dry 
microbial cultures, that is, the development of irreversible 
changes, is gradually prolonged. This indicates that micro- 
organisms in a dry state even at the limit of life are still viable 
when transferred to other conditions, that is, to a culture medium 
where their vital functions are completely restored. 

In reviewing anabiosis from the biological point of view we 
must regard it as a physiological phenomenon, aimed at adapting 
the organism to unfavorable external conditions and acquired during 
the long course of evolution along with a number of other properties 
necessary for Hie life of the organism. In defining the condition 
of microorganisms during experimental desiccation as anabiosis, we 
must assume that microbial cells are at the very edge of life. This 
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condition in dry microorganisms is indicated by the absence of 
conditions tinder which those life processes usually take place 
which are associated with movement, propagation, and metabolism. 
In fact when microbial cultures are desiccated from a frozen 
state in a vacuum apparatus they are almost completely dehydrated 
and can be stored for years under vacuum, that is, in this case 
the basic conditions of life for anaerobic microorganisms are 
lacking* moisture, nutritive substances, and atmospheric oxygen. 

In *this case we may cite the well known statement of F, 
Engels* n lii'e is a way of existence of protein bodies, .the es- 
sential factor of which is the constant exchange of substances 
with the external environment." (F. Engels, Dialektlka prirody 
[Dialectic of Nature], 19^0, Gospolitizdat, page 2kk). 

However , w-e-mu-s-t not consider the irdcrobial c eiis or~dry" 

cultures to be lifeless (dead) since when other conditions are 
created, that is, moisture, nutritive medium, and oxygen are 
present, their lives, from the point ox view of development and 
other physical, chemical, and biochemical indications, proceed 
normally. This brings us closer to the concept of the essence of 
problems of life and death in microscopic creatures, the microbes, 
when in a dry state. The death of microorganisms is evidently not 
a simple termination of life processes. It is determined by the 
destruction of vital elements in the organism with irreversible 
changes characterized by the decay and decomposition of protein 
substances. 

As mentioned earlier, our experiments proved the great role 
of normal serum as a protective medium in the desiccation and 
preservation of bacterial cultures, Bie effectiveness of a serum 
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medium as a protein colloid may in this instance be explained by 
the fact that around the microbial cell we apparently create a 
membrane which protects the cell from the unfavorable action of 
external factors. 

Thus in drying bacterial cultures and preserving them in the 
dry state a protective medium in the form of a protein colloid and 
deep vacuum contribute to a longer state of anabiosis in the 
microbial cells. In view of this fact, the concept of the vi- 
ability of microorganisms v/hidi have been dried must be reviewed 
since bacterial cultures in a state of anabiosis and in a .dry form 
possess an entirely new quality which is characterized by great 
resistance to external environmental factors. For this reason, 
when we look carefully at the problem of the life of minute 
organisms from the materalistic point of view, we must point out 
that the capacity for life is a feature of each protein body in- 


position. 

In his work An ti -Duehrin g , Angels says that "wherever there 
is life, we find that it is associated with some protein body, and 
wherever there is a protein body not in the process of decomposi- 
tion, we are, without exception, seeing manifestations of life" 

(F. Engels, Antl-Duehring , 19fxL, Gospolitisdat, page 77)* 

ke believe that in the theoretical concept of the problems 
of anabiosis, that is, the viability of microorganisms in a dry 
state, we must start with the tenet of Engels since his treatment 
of life is unsurpassed in its theoretical and methodological sig- 
nificance. It is doubtless thoroughly applicable to both obvious 
and concealed forms of manifestation of viability in microorganisms, 
that is, to their anabiosis. 
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CHAPTER V. DR I MICROBIAL CULTURES AND HiiiXR BIOL 0C2 CAL PR0PERTL ES 

Research on the production of dry roicrobial cultures and a 
study of their properties was first undertaken by us in 1 9Uk. Be- 
fore this time experiments on drying certain microbial cultures 
had been carried out by Soviet investigators, in the field of 
medical microbiology. There is however no information on similar 
work in the realm of veterinary practice. However methods for 
keeping labile cultures as used in the practice of scientific 
institutes and biological preparation plants were in need of im- 
provement, As ws know, for research work in institutes and for 
the preparation of biological preparations in commercial plants 
we need to use microbial cultures possessing certain morphological, 
cultural, biochemical, antigenic, and virulent properties. This 

iS-jone-Qf- the prerequisites .provided for by all instructions and ... 

directions both for producing va ccine preparations and in hyperim- 
munization of producers of therapeutic and prophylactic, and 
diagnostic sera* In the meantime there are not infrequently cases 
in practice where these properties of microbial cultures undergo 
great modification during storage. In addition we must point out 
that in order to preserve certain microbial cultures as, for 
instance, pathogens of glanders, pasteurellosis, brucellosis and 
other labile microorganisms, frequent transfers to special culture 
media of a specific quality are required. This situation not only- 
causes technical difficulties but likewise creates conditions 
favorable to the variation of microorganisms under the influence 
of the environment. 

In solving these problems our biology starts, as we know, 
from the correct theoretical concept and practical observations 
l of the life of living substances under natural conditions. In 
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developing new principles for preserving the cultural and biological 
properties of producing cultures we have selected as our basis the 
materialistic doctrine of I . V. Miehurin and T. B. Lysenko on the 
effect of the environment on the vital capacities of microbial ceils. 
For this reason we found it necessary to study the effect on the 
microbial cell of conditions which are created during desiccation 
and subsequent storage. That this influence must vary can be seen 
from the features of the problem and for this reason we have given 
very serious attention to this aspect. 

In tire chapter on anabiosis in microorganisms it has already 
been pointed out that our experiments established ■ the~effec uLvenes 5 
of a serum medium in drying and preserving cultures of the calf 
paratyphoid pathogen. In this case we believe it necessary to cite 
only some illustrative data on the degree of viability of calf 
para typhoid mi c robe s subjec ted to the actio n of low temperature and 
desiccation. As already indicated, for a protective medium we added 
to the culture in one case normal serum in a 1*1 ratio* in. another a 
6% solution of gelatin in the same proportions and in a third case a 
physiological solution. A count of Hie number of viable microbial 
cells following exposure to low temperatures for 2 hours and the 
termination of the drying process showed that many more microbes die 
during the freezing process than during desiccation as we see from 
the following data. 


Humber of Viable Microbial Cells 

Before 

freezing After freezing After desiccation 


Prying* Medium 

(in 1,000) 

in 1,000 

in? 

in 1,000 

in* 

Serum 

86,800 

52,080 

6o 

dl,66U 

U8 

Gelatin 

93,lUo 

51,300 

55.1 

hi ,300 

bk 

Physiological solution 

87,500 

11,900 

13.6 

6,400 
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The dry culture of paratyphoid pathogen, kept under vacuum 
at room tempera ture, was later tested after 12, 2k, and 3 6 months 
Kith the following results obtained, 

Number of Living Microbial Cells 


Drying Medium 

Gas 

Medium 

after 12 months 
in 1,000 in# 

after 24 
in 1,000 

months 

in# 

after 36 
in 1,000 

months 

in# 

Serum 

vacuum 

37,300 

la. 8 

30,000 

34.5 

27,400 

30.4 

Gelatin 

vacuum 

38,100 

3Q.7 

12,180 

13.0 

no growth 


Physiological solution 

vacuum 

li,100 

4.5 

3,200 

3.7 

no growth 



From the data cited we can see that a culture dried with serum 
and kept for 3 years under vacuum contained 30.b% viable ceils, h 
culture dried with gelatin and physiological solution produced no 
growth when tested after 3 years storage under the same conditions. 
For this reason we used as a basis in further research a drying 


method employing the addition of normal horse serum as a protective 
medium. 

’kbPa 1 ,* naecnnn 4-,\ troi rn n-P n 4-ra 4-Vi cs cr +nr)ir rtf' 

A'CA-VA O jpaap JJiijX, W CHAi UiJUAjPAU WA IAJ.W UM W KSi A l_' uuwy WJ. 

th e cultural and biological properties of microorganisms subjected 
to desiccation we believe it necessary to treat briefly the general 
principles of the desiccation of microbial cultures which are em- 
ployed in our experiments, and in the work of the State Institute of 
Control over Veterinary Prepara tions. 

Methods for Drying Microbial Cultures 

We studied the effect on microbial cultures of the desiccation 
cycle, the protective protein media, residual moisture, and, for 
further preservation, vacuum. This gave us the opportunity to take 
into consideration the negative and positive aspects of the drying 
method in developing a new approach which would contribute to better 
preservation of microorganisms which we used in further work on dry- 
ing many other microbial cultures. 
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Microbial cultures are cultivated for drying by the usual 
methods. In order to prepare a suspension of the microorganisms 
grown on solid culture media we made a physiological saline solu- 
tion wash in a ratio of one ml of solution to one sq cm of surface 
of the culture. The cultures of microorganisms cultivated in a 
liquid culture medium were used in Hie form of a precipitate or a 
suspension. 

Before drying we took cultures tested macro and microscopically 
for purity and uniformity of growth and added inactivated nomal 
horse serum as a protective medium in a ratio of one part culture to 
one part serum or one part culture and 2 parts serum. 

These proportions, as our studies showed, give full assurance 
of prolonged preservation of the biological properties of micro- 
organisms dried in serum. Microbial suspensions under sterile 
conditions are poured into ampules at the rate of 0.3-0. 5 ml per 
ampule, the ampules are joined by a vacuum tube to the connectors, 
pinched, shut with pincers and frozen in a cooling mixture at a 
temperature of -20° for 10-15 minutes. After freezing, the con- 
nectors with tiie cultures are attached to the manifold apparatus 
and the drying process begins. After 3-4 hours the first drying 
phase is usually considered as finished. The dishes with the 
cooling mixture are removed and the drying process continues at 
room temperature for 8-10 hours until total desiccation is achieved. 

After 12-lU hours of drying microbial cultures usually con- 
tain a minims! amount of residual moisture (from 0.4-0.?$ to 1.0- 
1.5$). The physioochemi cal properties of the cultures likewise 
have not undergone substantial changes (more of this later). 

Over k years we repeatedly examined the vegetative, cultural, 
biochemical, agglutinative, and virulent properties of the dry 
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culture obtained with studies taking place at 3, 6, 9, 12, 18, 24, 

30, 36, and 48 months after preparation. During the first 12 
months of preservation the dry cultures were examined every 3 
months. This was brought about by the necessity of checking the 
diverse data on the possibility of storing cultures in the dry 
state which had been found in the liters fare and, in addition, in 
order to get a more precise idea of the storage limits of the dry 
iTiicrobial cultures prepared. Our studies showed as early as the 
first year of storage that the dried strains could retain for a 
long time their original biological properties. For this reason 
the dry cultures were tested much less often afterwards. 

In view of the fact that during 4 years the results of all 
experiments on the cultural, morphological, biochemical, agglutinative, 
and virulent properties of dry microbial cultures invariably showed 

=- — — — - tte _wj ll be sa tls fied with essen trial 1 y « bri ef exp 0 

sition of the data obtained during the final experiments of 19U8. 

The results of testing the vegetative and virulent properties of 
certain dry cultures after 5-6 years of storage will be given in 
addition when the appropriate microorganism species is discussed. 

Dry Cul tures of the Calf Paratyphoid Fever Pathogen 

For study we selected 5 production strains of the pathogen of 
calf paratyphoid fever, namely Nos 5, ?A, 8/i, 10, and 315/9. Be- 
fore desiccation the strains were tested for morphological, cultural, 
biochemical, agglutinative, and virulent properties. There was 
growth 24 hours after the cultures were transferred to meat-peptone- 
agar and meat-pep tone-broths on the agar in the form of round 
transparent S-shaped colonies and in broth in the form of intense 
turbidity of the culture with the formation of a loose bacterial 
precipitate on the bottom of the test tube. 
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Microorganisms of a 24-hour broth culture possessed pro- 
nounced mobility, had the appearance of short rods with rounded 
ends and did not take a stain by Gram’s method. In media con- 
taining sugars the microorganisms split glucose, dulcite, 
rhamnose, maltose, and marmite with the formation of acid and gas. 

They did not decompose lactose, sucrose, or raffinose, nor did 
they coagulate milk. When tested with a specific agglutinative 
serum the cultures had pronounced agglutinative properties. 

The virulent properties of strains of the pathogen of calf 
paratyphoid fever were tested on white mice. The mice were inoculated 
subcutaneously with the wash from s -24 -hour- agar; culture in doges : ; 
of one and 10 million bacterial bodies according to the optical 
bacterial standard. 

All $ strains caused the death of all white mice inoculated 
subcutaneously in doses of* one and 10 million bacterial bodies 
after 2, 3- 4, $ s 6, ?, and 8-5 days. 

In all cases we found the original culture when the mice 
were dissected and the cultures incubated. 

From the results of the biological tests it is evident tb-at 
the cultures of the calf paratyphoid fever pathogen had virulent 
properties where white mice were concerned in doses as provided for 
by current regulations on the preparation and control of serum and 
vaccine for calf paratyphoid fever. 

In order to have fresh cultures for desiccation, cultures 
of the calf paratyphoid pathogen tested for virulence were trans- 
ferred to test tubes containing meat-peptone-agar and meat-pep tone- 
broth. After macroscopic and microscopic examination for purity 
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and uniformity of growth the 24-hour culture was washed with a 
physiological saline solution. In order to produce a microbe 
suspension we added a protein colloid (normal horse serum) for 
a protec tive medium in the ratio of one part culture and 2 parts 
serum. After this the cultures were dried in a frozen state in 
a vacuum apparatus. 

A test of the various properties of dried strains of the 
calf paratyphoid pathogen gave the following results. 

Vegetative properties. Before transfer to culture media 
the ampules with dry cultures were tested for vacuum with'' a Tesla 
apparatus. In order to test vegetative properties the cultures* 
dissolved in a physiological saline solution* were transferred to 
test tubes with meat-peptone-agar and meat-pep tone -broth. After 
24 hours on the agar there were usually numerous S- shaped" trans- 
parent colonies. In the meat-pep tone- broth the culture grew 
intensely with the characteristic cloudiness of the medium and Hie 
formation of a loose bacterial sediment on the bottom of the test 
tube. As a result of the examinations it was determined that dry 
cultures possess well developed vegetative properties after 48 
months 1 storage in a vacuum. 

A microscopic examination of smears made with dry cultures 
following solution and smears made from 24-hour growths of these 
same cultures showed that the microorganisms of calf paratyphoid 
fever readily take a fuchsin stain but do not take a Gram stain. 

A study of 24 -hour broth growths in a hanging or diluted drop 
showed that a large number of the bacterial cells possess pronounced 
mobility. Morphologically the bacteria of dry cultures of calf 
paratyphoid fever were short rods with rounded ends (Figures 2k and 2 5). 
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From the data cited from our experiments it is evident 'that'"' 
after U years. of storage the dry strains of the calf paratyphoid 
pathogen possessed typical vegetative* cultural* and morphological 
properties. 

Biochemical and agglutinative properties. We thought it 
necessary to study in greater detail the biochemical and agglutina- 
tive properties of the dry cultures because these signs are the 
most typical of this microbe. 

In order to test biochemical properties 'a 24-hour agar . 
growth derived from dry strains -Was transferred to a medium con- 
taining sugars. The results of the transfer can usually be seen 
within 24 hours. However* iri the case of some sugars* rhamnose, 
for example, the cultures were calculated after 2-3 days since 
some strains of the calf paratyphoid pathogen split this carbohy- 
drate in a retarded fashion. 


1ft HLE 5 



BIOCHME 

GaL Pi 

iOPERTl! 

ES OF 

mv r.in.Tiji-3 

.ES OF Us I 

galf pa. 

i'hTYWOTS V i.:' 

\7 K PATROrtEN 

Strain 

Ho 

Length of 
stora ge 
(months) 

glu- 

cose 

la c- 
tose 

suc- 

rose 

dulcite 

Kame of Sugars 
rhamnose maltose raffinose 

manni te milk 

5 

U8 

A-G* 

- 

- 

A-G 

A-G 

A-G 

- 

A-G 

7/1 

48 

A-G 

- 

- 

A-G 

A-G 

A-G 

- 

A-G 

8/1 

U8 

A-G 

- 

- 

A-G 

A-G 

A-G 

- 

A-G 

10 

48 

A-G 

- 

- 

A-G 

A-G 

A-G 

- 

A-G 

315/9 

hS 

A-G 

- 

- 

A-G 

A-G 

A-G 

- 

A-G 


•^-Formation of acid and gas 

The data in Table 5 show that dry cultures of the pathogen 
of calf paratyphoid fever possessed typical biochemical properties 
after 4 years of storage. 

The agglutinating quality of the dry cultures of calf para- 
typhoid pathogen were tested simultaneously with cultures kept on 
culture media by the usual method. To test tubes containing serum 
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ox varying dilution we added the" washings from a SU-hour agar 
culture obtained from dry strains until we had a concentration of 
500 million bacterial bodies in one ml according to the optical 
bacterial standard. 

The agglutination reaction was tested in one ml of liquid. 

Test tubes with this amount of liquid were placed in a thermostat 
for 6-8 hours after shaking. Then they were left at room tempera- 
ture for 16-18 hours and afterwards the agglutination reaction was 
. computed. 

The results of testing the agglutinating quality of the dry 
cultures are shown in Table 6. 

Frau the data cited in the table on a comparative test of 
the agglutinative properties of ‘the pathogen of calf paratyphoid 
fever it is evident that cultures kept in a dry state possessed 
somewhat more pronounced agglutinative properties than cultures 
kept on meat-peptone-agar in the usual fashion. For instance* dry 
cultures 7/1, and 8/1 showed a more pronounced reaction and in 
greater dilutions. 

Virulent properties. The dry cultures were tested for viru- 
lence by inoculating white mice. In order to detemine the virulence 
of the dry cultures of the calf paratyphoid pathogen white mice were 
inoculated with a 24-hour ager culture obtained from the dry strains. 
The mice were inoculated subcutaneously in doses of one and 10 
million bacterial bodies according to the optical bacterial standard. 
The data from the test for virulent properties are presented in 
Table 7* 
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Strain Ho 

5 

5 

7/1 

7A 

• 8/1 

i- j 

^ 8/1 

i 

10 


10 

31 5/9 
315/9 


AGGTfJTPJ -r f PROPERTIES P n R y 
AFTER it 


TAL'LE 6 

• i-0 :V;,'t!5. CULTURES O 1 -' THE P AR / TYPHOID P i'FWOCSlf 
YEARS OR PRESERVATION 


Culture Preservation Method 

in a dry state 

transfer to agar (control) 

in a dry state 

transfers to a car (control) 

in a dry state 

transfers to agar (control) 

in a dry state 

transfers to agar (control ) 

in a dry state 

transfers to agar (control) 




dilution 

of Agglutinating Serum 


1:100 

1:1,000 

1:2,000 

1:1; ,000 1:6,000 1:8,000 

phys solo gi cal solution 

+ *-++ 

++++ 

++++ 

++ + H- + + -M- + 

- 

++++ 

++++ 

++++ 

+ +++ + 


++++ 

t +++-*■ 

++++ 

-m-m +f+ . 

■ . M . 

*+++ 

+++ 

++-*- 

++ _ ■«. 

: : ; 

++++ 

++++ 

++++ . 

4H-+ . ++ + 

_ 

++++ 

++-I- 

+ -!-•!- 

■ ’ . 






- 

++++ 

++++ 

++++ 

++ + + ' ; + ' „ 


++++ 

•f +++ 

++++ 

++++ 


++++ 

+ + t-f- 

+ +++ ' ; 

;-+++ j. 



++-M* 

++++’ 

. ++++■.'■;■.++++ +++ . 



f 


? 
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Length of pre- 

Mo of 


Strain Ho 

servation (months) 

white mice 

Dose 

5 

48 

2 

1 million 



. 2 - 

ID million 

7/1 

40 

2 

1 million 



2 

10 million 

8/1 

48 

2 , , 

1 million 




10 million 

10 

48 


1 million 




10 million 

315/9 

■ 48 


1 million 




10 mtl lion 


TABLE 7 

VJRuLH'iT PROPERTIES 01 DRY CULTURES 'OF iHii PA iiA TYPHOID PaYKOOHN 

Died as Result of Inoculation 

2 after 3 *5-5.5 days 
2 after 2*5-4. 5 days 

2 after 4-8*5 days 
2 after 3-5*5 days 

2 after 5*5-6*5 days 
2 after 3.5-6 days 

2 after 5*5-6*5 days 
2 after 3. 5-7. 5 days 

2 after 2*5- 4*5 days 
2 after 2- 5-3. 5 days 

As we see ..from the table strains of dry cultures caused 
death in ail inoculated mice within 3-^8 days* The pathogen of 
calf paratyphoid fever was recovered from the dead mice during 
-- barter lologieal--esamin:g-ti on in all cases. Ihe test showed that — — ~ 

cultures of this pathogen after 4 years of storage in a dry form 
pysEsssga me same virulent properties as before desicca tion. 

Ihe data presented In Table 7 with relation to virulent properties 
are confirmed by analogous experiments made during the entire 
preservation period. For instance, when tested at various times 
during storage (3, 6, 12, 24, 30, 36, and 48 months) the cultures 
of calf paratyphoid fever in a dry state invariably showed very 
pronounced virulence, causing death in white mice in the time 
established by regulations. 


The results of these experiments are presented in Ikble 8. 
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TABLE 8 

COMPOSITE RATA CN A TEST OF THE VIRULENT PROPERTY ES OF DRY CULTURES 
OF THE CALF PARATYPHOID PATHOGEN AFTER k YEARS OF PRESERVATION 


No of No of 

Strain No experiments white mice 


Dose Died as Result of Inoculation 

1 million 14 after 3*5-6 days 

10 million 14 after 2*5-5 days 

1 million . 14 -after 4*5-6. 5 days 

10 million. 14 after 3. 0-6* 5 days 

1 million 14 after 5*5-6. 5 days 

10 million 14 after 3 *5-6*5 days 

1 million 14 after 5*0-6. 5 days 

10 million 14 after 3. 5-7* 5 days 

1 million 14 after 2,5-6 days 

10 million 14 after 2. 5-5 *5 days 


An additional test of the dry cultures of the calf para- 
typhoid pa thogen made at the end of 1950, that is, 5*5 and 6 


good vegetative properties and caused death in white mice when 
given in the established doses* The fifth strain possessed good 
vegetative properties but was aviiuLent* 


Dry Cultures of the Pig Paratyphoid Fever Pathogen 

For purposes of study we used 5 productive strains of the 
pathogen of paratyphoid fever in pigs, Nos 3p, 5p> 7p, 9 % and 10. 
Before desiccation the strains were tested for cultural, bio- 
chemical, agglutinative, and virulent properties. 


Twenty-four hours after transplants tion to meat-peptone-agar 
and meat-peptone-broth culture growth could be seen, on agar in 
the form of transparent S-shaped colonies and on broth in the form 
of intensive cloudiness of the medium. 
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The microorganisms of a 2U-hour broth culture possessed 
pronounced mobility. In smears stained with fuchsin the microbes 
showed up as short rods with rounded ends. The pathogen of pig 
paratyphoid did not take a Gram stain. The cultures split 
glucose, rhamnose, maltose, and mannite. with the formation of 
acid and gas. They did not decompose lactose^ sucrose, dulcite, 
or raffinose, did not coagulate milk, but possessed good agglu- 
tinative properties. 

Before desiccation the virulence of the pig para typhoid 
strains was tested on white mice. The mice were inoculated sub- 
cutaneously with a wash from a 24-hour agar culture in doses of 
one and 10 million bacterial bodies according to the optical 
bacterial standard. All 5 strains caused the death of all white 
mice in the doses employed between 3, 5, 6, and 8 days. 

The cultures of the paratyphoid pathogen which underwent 
desiccation were grown in a thermostat on mea t-pep tone-agar and, 
for control, on meat-peptone-broth. After macro and microscopic 
testing for purity and uniformity of growth the agar growths were 
washed with a physiological saline solution. To the suspension 
of bacteria obtained we added normal horse serum as a protective 
medium in the proportions of one part bacterial suspension and 2 
parts serum. After this the cultures were placed in ampules and 
freeze-dried in a vacuum apparatus. 

further examination of the dried strains of the pig para- 
typhoid culture produced the following results. 

Vegetative properties. After testing the ampules with the 
culture for vacuum and dissolving the contents in a physiological 
saline solution the cultures were examined for vegetative properties 
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by transferring to culture media* Twenty/ -four hours after transfer 
to agar and broth the cultures "were growing! on meat-pep tone-agar 
in the form of numerous round transparent S-shaped colonies and on 
meat-peptone-broth with the characteristic cloudiness of the medium* 
As a result of these experiments we established that the dry cultures 
possessed pronounced vegetative properties when tested after 48 
months of storage under vacuum. 

Microscopy of smears prepared from dry cultures after solu- 
tion in a physiological solution and those obtained from 24-hour 
growths on agar and broth established that the microorganisms which 
cause pig paratyphoid fever take a good fuchsia stain but do not 
take a Gram stain. An examination of 24-hour broth growths in 
hanging drops or diluted crops revealed a large number of microbial 
cells possessing pronounced mobility* Morphologically the bacteria 
of paratyphoid fever of pigs were short rods with rounded ends. 

Thus we see that after 4 years of storage the dry cultures 
of the pig paratyphoid pathogen possessed typical vegetative* 
cultural* and morphological properties. 

Biochanical and agglutinative properties. Of special interest 
is a study of the biochemical and agglutinative properties of dry 
cultures of pig paratyphoid fever since these signs are most typical 
and constant in identifying this species of microbe. The bio- 
chemical properties of dry cultures were tested by transferring 2U- 
hour agar growths obtained from dry strains to culture media con- 
taining sugars. 
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BICOB ICE CAL PROPER TIBS OF DRY 

O'JITTJRI'S OF ' 

m% fig pi? 

ATfPFOTD FAT 

T OGEH 




Strain No Length of storage 

(months) glucose lactose 

sucrose 

dulcite 

Name of the 
rharnnose 

Sugar i 
maltose 

raffinose 

manni te 

milk 

3p 

m 

AG* 

- 

- 

AG 

AG 

- 

AG 

- 

S' 

U8 

AG 

- 

- 

: q ;; 

AG 

- 

: AG ; 

- 

fp 

L8 

AG 

- 

- 

AG 

G1V : AG 

- 

AG 

- 

9 

U8 

AG - 


- ; 

AG 

: AG 

- 

AG : 

- 

10 

1+8 

AG 

- 

- 

ag'ppp 

AG 

- 

AG ; 

- 


-"-Acid. and gas produced 


TABLE 10 








AGGLUTINATIVE PROPERTIES OF DRY AND AGAR C-ULTUTFS OF T tr E RIG P •PA'IYF 1 ; OI 0 PATTOG'N AFTER U YEARS C-' FrSFRf ATTON 


Strain No 

Method of Preservation 

1:100 

3P 

in a dry form 



++++ 

3p 

by transfers to 

agar 

(control) 

++ 4-+ 

$ 

in a dry form 



+++ + 

$ 

by transfers to 

agar 

(control) 

+++ 

7p 

in a dry form 



+ +++ 

7p 

by transfers on 

agar 

(control) 


9 

in a dry form 



++++ 

9 

by transfers on 

agar 

(control) 

++++ 

10 

in a dry form. 



++++ 

10 

by transfers on 

agar 

(control) 

++++ 


1 : 1,000 

+ + HS- + 


-M-++ 


+-M-+ 

•*+++ 

++•)- + 
+•++ + 

+ -M-+ 
4--M- + 


1:2,000 

++++ 


++++ 

++: 

++++ 

-J-4-4-+ 

++++ 

++++' 

+-M-+ 


Dilution of Agglutinative Serum 

1: U ,000 1:6,000 1:8,000 1:12,000 


+ + + * 
+ -H- 


+ M-+ 
-t + J-4- 


+-S-++ 

+4--M- 


+ + + + 
+ -!-++ 


+ :-++ 
+++-«- 


++++ 

+ + !- + 


+ +++ 
+ ■ 4 -+ + 


+ -T-+-T- 
+ + + + 


+ + 5- + 


+++ 

++++ 


PS* 



*PS : physiological solution 
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Ihe data shown in Table 9 indicate that all the strains of 
dry cultures of the pig paratyphoid pathogen which we examined 
possess biochemical properties typical of this pathogen. 

toe tested the dry cultures for agglutinative properties by 
using the well known active specific agglutinative serum. For a 
control we tested, cultures preserved by the usual method. on nutri- 
tive media. 


To a test tube containing different dilutions of agglutina- 
tive serum we added a wash from a 2u=hour agar culture, obtained 
from dry strains, until we had a concentration of 500 million 
bacterial bodies in one ml according to the optical bacterial 
standard. The agglutination test was made in a one ml volume. The 
test tubes with this amount of liquid were shaken and placed for 
6-8 hours in a thermostat and then kept at room temperatures for 
16-18 hours until the reaction was read. The results of this ex- 
periment are presented in Table 10. 


The results of a comparative study established that dry 
cultures of the pig paratyphoid pathogen retained pronounced ag- 
glutinative properties during 4 years of preservation. From Table 
10 we see that strain No 3p of the pig paratyphoid pathogen com- 
pletely lost its agglutinative properties during the storage period. 
The loss of a gglu tina bill ty by strains kept under ordinary conditions 
on nutritive agar is not an exception since the loss of some bio- 
logical properties by cultures is inevitable when they are preserved 
by transfer from medium to medium. The loss of agglutinative 
properties by strain No 3p when kept on a solid nutritive medium 
and the reitention of these properties by the dry strains confirms 
the tenet that the desiccation of bacterial cultures permits the 
preservation of biological properties for a very long time. 
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Virulent properties. In order to test the virulent 
properties of dry cultures of the pig paratyphoid pathogen we 
used a 24-hour growth on agar to inoculate white mice. The 
culture was injected subcutaneously in doses of one and 10 million 
bacterial bodies. The results of testing Hie virulent properties 
of dry cultures are cited in Table 11. 


table 11 



VIKULIN T 

PROPERTIES OF 

’DRY CULTURES. 

Strain 

Length of 



■ No 

storage 

No of 



(months) 

■white mice j 

' Dose 

3p 

48 

2 

1 million 



, 2 .. 

10 million 

5 

48 

2 

1 million 



2 

10 million 

7p 

48 

2 

1 million 



2 

10 million 

9 

48 

2 

1 million 



2 

10 million 

10 

48 

2 

l million 



2 

10 million 


Dead as a Result 

2 after 5*5-7. 5 c 
2 after 4. 5-5. 5 d 

2 after 4. 5-5*5 d 
2 after 4. 5-6. 5 d 

2 after 2. 5-5*5 d 
2 after 5* 5-6.5 d 

2 after 6. 5-7*5 d 
2 after 2. 5-3*5 d 

2 after 4. 5-5* 5 d* 
2 after 4. 5-6. 5 & 


Cultures o± the pig paratyphoid pathogen caused the death of 
all inoculated mice within 2.5-7. 5 days* with the original culture 
recovered by bacteriological examination in all cases. Thus the 
experiments showed that the dry cultures retained a high virulence 
for 4 years. 


It should be pointed out that dry cultures of the pig para- 
typhoid pathogen were tested for virulence over a period of 4 years 
at 3, 6, 12* 24, 30, 36, and 48 months. 

The results of the experiments are provided in composite 
Table 12. 
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TABLE 12 . ... 

OPPOSITE DATA OH T ZS TX NG THE VXRULEN T PROPEETtES PF DRY CUL IUEES 
OF THE PIG PARATYPHOID PATHOGEN DU BOG 4 YEARS OF PRESERVATION 



Number of 

No of white 



Strain No experiments 

mice 

Dose 

Died as the Result of Inoculation 

3p 

7 

lk 

1 million 

lk after 5*5-7*5 days 


7 

1U 

10 million 

14 after 4.5*6 days 

5 

7 

lk 

1 million 

14 after 4.5-5 .5 days 


7 

lk 

10 million 

14 after 4.5-7 days 

7p 

..... .. 7 ■ 

14 

1 million 

14 after 2.5-7 days 


7 

14 

10 million 

14 after 5*5-8 days 

9 

. ..: .7 

14 : 

1 million 

14. after 6.5-8. 5 days 


7 

'."'I'. 14 

10 million 

14 after 2.5-5 *5 days 

10 

7 

lk . 

1 million 

14 after 4.5-5- 5 days 


n 

14 ■ 

■) A _ * . -i *1 ^ - v - 

XU mlllivli 

14 after 4 .5-7. 5 days 


Repeated testing of dry cultures by inoculation of white 
mice invariably showed the high virulence of the strains studied. 
Hie mice died in all cases during the same periods of time. 

This fact in turn confirms the pronounced constancy of the 
virulent properties of dry cultures of the pig paratyphoid 
pathogen when kept for 4 years. 

Dry Cultures of the Hemorrhagic Septicemia Pathogen 

In order to make the study we chose 8 productive strains 
including 2 strains <&f hemorrhagic septicemia of hens, 2 strains 
of hemorrhagic septicemia of sheep, 2 strains of hemorrhagic 
septicemia of swine, and 2 strains of hemorrhagic septicemia of 
cattle. Before desiccation the strains were tested for cultural, 
morphological, biochemical, and virulent properties with all Hie 
Pasteurella strains corresponding to established requirements. 

For instance, on meat-peptone-broth the cultures grew in the form 
of a uniform murkiness with subsequent formation of a slimy pre- 
cipitate on the bottom of the test tube which rose in the form of 
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braids when the tubes were shaken* After 24 hours on meat-pep tone- 
agar the cultures grew in the form of small, round, dew-drop 
colonies which later fused together forming a thin grey-white 
deposit. Under the microscope in the stained smears of the culture 
the field of vision showed polymorphic bacteria in monodipiococcal 
and monodiploba ciliary forms. 

In biochemical properties the cultures of. Pas teurella cor- 
responded to established requirements, that is, they split glucose 
and sucrose with the formation of acid. They dia not decompose 
lactose, maltose* or duicite and did not coagulate milk. 

The virulence of Pasteureila was tested on white mice through 
subcutaneous inoculation with a 24-hour broth culture in a 0.2 ml 
dose of 1? 1,000 dilution. 

As a result of the study we established that the cultures 
used for the experiment possessed virulence, that is, they caused 
the death of white mice in a positive period of time. For 
instance, strains Nos 11 5 and 45? of hemorrhagic septicemia of hens 
caused the death of all mice within 18, 20, 22, and 24 hours after 
inoculation. Strains Nos 24 and 4,519 of hemorrhagic septicemia of 
sheep caused death within 24, 38, U8, and 60 hours. Strains Nos 
25 and 252 of hemorrhagic septicemia of swine caused death within 
36, 40, 48, and 60 hours and strains Nos $18 and 858 of hemorrhagic 
septicemia of cattle caused the death of ail mice after 40 , 44 , 48, 
and &Q hours. In ail cases the culture used for inoculation was 
recovered from the dead mice. 

For desiccation the cultures of Pasteureila were grown on 
meat-peptone-broth for 24 hours and, for purposes of control, on 
meat-peptone-agar* After macroscopic and microscopic testing for 
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purity and typicalness of growth, normal serum was added to the 
broth as a protective medium in the proportions which we always 


used. The cultures thus prepared were freeae-dried in a vacuum 
apparatus after packing in ampules. By examining the dry 
Pasteurella cultures 4 years after desiccation we obtained the 
following results. 

Vegetative properties. After testing, the ..ampules with .- A 
cultures for vacuum and dissolving the contents in a physiological 
saline ...solution the cultures were examined for vegetative 
properties by seeding meat-peptone-agar and meat-peptone-broth. 
After 24 hours both the meat-pep tone -a gar and meat-peptone-broth, 
as a rule, showed pronounced growth. In the mea t-pep tone-broth 
the cultures grew in the form of uniform 'mild cloudiness with the 
formation of a slimy sediment on the bottom of the test tube. On 
the moat-pep tone-agar the culture grew in the form of tiny round 
dew-drop colonies in an S-shape. In cases of overall growth of 
the culture on agar there was a delicate greyish-white bloom. 

A microscopic examination of smears made from dry cultures 
following solution and smears of 24-hour growths established that 
the microorganisms take a good Giemsa and Muromtsev stain but do 
not stain by Grain’s method. The microbes were monodiploc occal 
and m on odiploba ciliary shapes. There was no mobility of the mi- 
crobes in a hanging drop preparation. 

From the data cited we see that cultures of Pasteurella kept 
in a dry state for 4 years possessed typical vegetative, cultural, 
and morphological characteristics. 

Biochemical properties. Although biochemical properties 
are not a very constant indication of typicalness in Pasteurella, 
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we still felt it practical to test cultures which had been kept 
in a dry state* With this purpose we made 24-hour broth cultures 
of Pasteurella obtained from diy strains in media with sugars, 
made with meat-peptone water or Hottinger*? broth. 

As a result of these experiments we determined that in 
.biochemical properties the strains of Pasteurella which have been 
kept in a dry state for a years are typical* _ On the second and 
third days the cultures split glucose and sucrose with the forma- 
tion of acid* They did not decompose lactose, maltose, or'; 
dulcite and did not coagulate milk. 

It must be mentioned that ‘when Pasteurella is transferred 
to media containing sugar which have been made with peptone water 
there is a retarded capacity for splitting glucose and sucrose 
which was not observed where Hottinger’s broth was used for the 
culture medium. This feature must apparently be explained by the 
intensive growth of Pasteurella in sugars prepared on liottinger 1 s 
broth and by the fact that the factor of accelerated acid forma- 
tion was apprently related to -the intensive propagation of the 
microbes. 

Virulent properties. The virulence of Pasteurella cultures 
was tested by inoculation of white mice. For inoculation we used 
a 21 -hour broth culture obtained from growths of dry strains* The 
mice were inoculated subcutaneously with a 0.2 -ml dose of a 1:1,000 
dilution. The results of these experiments are presented in Table 13. 

From the table we see that Pasteurella strains which had been 
kept dry under vacuum for k years caused the death of all white mice 
in almost the same time as 4 years before, preceding desiccation. 

- 126 - 


Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 








TABLE 13 



1 



VIRULENT PROP R TT V S OF DRY P« 

.s'rmv'Ll- c 

TLTURES 1 

'] f:+ 

Died as ;a Result of 

Name of Culture 

Strain No 

Time of Storage (months) 

No of mice 

Dose of 1:1,000 dilution 

Inoculation 

Pasteur*? 11a avium 

115 

U8 

3 

0.2 ml 

3 after 18-22 hours 


U52 

U8 

3 

0.2 ml 

3 after ;l6-2lt hours 

Pasteurella ovis 

2h 

h8 

d 

0.2 ml 

3 after 20-28 hours 


U ? 519 

U8 

3 

0.2 ml 

3 after 36-60 hours 

Pasteurella suis 

25 

lj.8 

3 

0.2 ml 

3 after 36-36 hours 


252 

k8 

3 

0.2 ml 

3 after 36-U8 hours 

Pasteurella bovis 

516 

h8 

3 

0.2 ml 

3 after 36-60 hours 


858 

U8 

3 

0.2 ml 

3 after 36-li-8 hours 


TABLE 1U 

COMPOSITE DATA ON RESULTS OF T-'fiTJNO TIE ■ g0T TT'f, 0"' DRY PASTEUlvL LI/: •: "LTUHES 0 V " R - PERIOD O' h YEARS; 


Name of Culture 

Strain No 

No of Experiments 

No 0." l-hite Mice 

Dose of culture (1:1,000) 

Died as a Result of Inoculation 

Pasteurella avium 

115 

7 

21 

0.2 ml 

19 a f tbP: 18-2U hours 


U52 

7 

21 

0.2 ml 

21 after 16-26 hours 

Pasteurella ovis 

2U 

7 

21 

0.2 ml 

21 after 20-30 hours 


14,519 

7 

21 

0.2 ml 

21 after 36-60 hours 

Pasteurella suis 

25 

7 

21 

0.2 ml 

21 after 36-14.8 hours 


252 

7 

21 

0.2 ril 

21 after 3O-I48 hours 

Pasteurella bovis 

518 

7 

21 

0 . 2 ml 

21 after 30-68 hours 


858 

7 

21 

0.2 ml 

21 after 28-60 hours 

Total 



168 


168 


I 

I 
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During the 4 years of storage in a dry state under vacuum 
the virulent properties of the strains were tested 7 times (after 
3* 6 , 12, 2 4, 30, 26, and 48 months) and, as a rule, in all cases 
virulence was most pronounced* 


The results of experiments are given in composite Table 14. 


From the data in the table we can see that dry Pasteurella 
cultures showed high virulence when tested during the course of 4 
years of storage. The cultures caused the death of ; the mice in 
minimal periods of times from 1 6 to 24 hours for inoculation with 
hemorrhagic septicemia of hens and from 36 to 60 hours for inocula- 
tion with the other species of Pasteurella. 


Available observations with regard to the inconstancy of the 
retention of virulence and other properties when microorganisms are 
kept by transfers to culture media served as a basis of comparison 
of virulent properties of dry microbial cultures with cultures kept 
by the usual method on culture media. According to our observations, 
after being kept for 3 years by numerous transfers on mea t-peptone- 
agar, pig paratyphoid strain No 3p completely lost its agglutinative 
properties. Strain No 452 of a culture of hemorrhagic septicemia in 
hens showed greatly diminished virulence after preservation for 3 
years by monthly transfers on mea t-pep tone-broth. 

These facts regarding changes in the agglutinative and viru- 
lent properties of microorganisms when kept by the usual method are 
not isolated. Similar phenomena In microbiological practice have 
been constantly observed. However they have not been studied for 
the reason that it was difficult to make a comparative test of the 
biological properties of the same strains since there was no reliable 
method for preserving microbial cultures over a long period of time. 
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Ihis hypothesis, as we shall see hater, was confirmed by 
the very first experiments in making a comparative study of the 
virulent properties of Pasteurella cultures kept in a dry form 
and by transfers in mea t»peptone-broth. 

The causes for the decline in virulent properties in 
microbial cultures preserved by the usual method must be sought 
in the fact that culture media used for the transfers cannot be 
identical in physiochemical and other properties* In view- of 
this fact, there is frequently sparse or atypical growth of 
... cultures which inevitably causes changes in the biological properties 
■ including a diminution in virulence. In addition, there are indi- 
ca tiono in the literature that frequent transfers of microbial 
cultures on culture raedia lead in general- to a change in their 
cultural and biological properties (fiechnen skiy, Klimentova, 

Fedorov). 

know f l Qm practice that even passages in animal organisms 
do not promote the preservation of virulent properties in certain 
microbial cultures kept by the usual method on nutritive media. 

This is confirmed by the fact that in crier to preserve virulent 
properties productive cultures of microorganisms are passed yearly 
through animals and some of them, as the ^Pasteurella strains. 2*3 
times a year but despite this their virulence very often declines 
markedly* 

In order to make a comparative study of virulent properties 
we made several experiments with Pasteurella strains. Here we are 
indicating one of these experiments. For the experiment we used 3 « 

strains kept in a dry state and 3 preserved by transfers in culture 
* broth. 
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The white mice were inoculated with a 24-hour broth culture 
in .minimal ..and maximal doses * 

The results of this experiment are produced in Table 1$, 

V^e see from the table that cultures of septicemia of hens, 
strains No 452 and 4*519, kept in a dry state for 38 months caused 
_ the .death of white mice in a dilution of Itl00,000, 1 e 1,QQ0,000, and 
It 500,000 (for strain 4,519) in 16-36 hours while cultures of these 
same strains preserved in meat-psp tone-broth by periodic transfers 
caused the death of white mice only in dilutions of 1*100, 1 si, 000 
ana 1 ixo, 000* almost analogous, results were obtain &o when Hie 
white mice were inoculated with a culture of septicemia of sheep 
(strain ho 24) where the dry culture caused the death of white mice 
in a 1:100,000 dilution while a- cul ture kept for the same period 
of time in mea t*pep tone-broth caused death in white mice in a dilu- 
tion of 1 si, 000. 

In addition we must point out that cultures of septicemia 
of hens (strain Nh 1 anr? «, - -r i a 4 - v ~ i. ri r\ \ 

which had been kept in culture broth were passed through the body 
ol an appropria te animal species every year in order to increase 
virulence. let despite the passages their virulence dropped after 
6 or 7 transfers. 


In order to compare the virulent properties of dry microbial 
cultures of Pa steurelia and cultures kept in meat-peptone-broth we 
are citing examples from work done at our institute and at the 
Stavropol* Biological Preparations Plant. 

lor the work of the laboratory on biological preparations 
for pasteurellosis and erysipelas and for distribution to biological 
preparations factories we prepared a number of productive strains 
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of Pasteureila at the beginning of 19A7. At the la bora tprv 


nutritive media. After 9 months the laboratory director, U „ M. 
Nikiforova, a candidate in veterinary medicine, used in titer- 
ii^g a lethal dose a culture of hemorrhagic septicemia of cattle 
(strain ho 796), kept in meat-peptone-broth, in order to make a 
control check of immunity in cattle previously vaccinated by 
her. This culture vas but slightly virulent and did not cause 
the death of the animal. Then she used a dry culture of 
septicemia of cattle (strain No 796 ) for inoculating cattle for 
the same purpose. She found that the ary strain possessed 
great virulence. The same situation was found at the Stavropol* 


FH n"l ncr i f'.ol pr 5 


rxanu vnere cultures of a number of 


strains of septicemia of hens kept in meat-pep tone-broth showed 
decreased virulence in comparison with dry cultures. 

The data in Table Ip thoroughly confirm our opinion that 
the best method for preserving Pasteureila cultures is desiccation. 
This methoQ permits the preservation of cultural biochemical and 
virulent properties for a very long time without having recourse 
to transfers and passages through the body of larger animals. 


A subsequent test of the 'three strains of hemorrhagic septicemia 
of cattle (strains wo 41, 5l8, and 858), one strain of hemorrhagic 
septicemia in hens (No 1,864), one strain of hemorrhagic septicemia 
in sheep (Ed 24) and one strain of hemorrhagic septicemia in swine 
(No 252) showed that these cultures possessed good vegetative properties, 
typical growth on nutritive media, and high virulence for white mice 
when examined 5 and 5-5 years after desiccation. 
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TABLE 15 



VI HULUN T 

PROPER TIPS 0" n 

S TEURELLA CULTURES KEPT Tu -\ 

'•'T .'f A.TY 

'R IN M ; '.AT-F 

TTCNF-EROTR 









Dilution 




Strain 

Storage 


No of 

Dose 

o ; 24-hour 



Name of Culture 

No 

(in months) 

Preservation method. |I 

ite Mice 

in ml 

Eroth Culture 

Died as; a Resul 

-t of Inoculation 

Pasteurella avium 

1*52 

38 

Dry under vacuum 

2 

0.2 

1:100 

2 in 8.5415 hours 





2 

0.2 

1:1,000 

2 in 24-24 horn 

-s 





2 

0.2 

1:10,000 

2 in 20-36 hours 





2 

0.2 

1:100,000 

2 in 28-29 horn 

s 





2 

0.2 

1:1,000,000 

2 in 16-36 hove 

s 

Pasteurella avium 

h$2 

38 

Transfers on meat-pep tone- 

2 

0.2 

1:100 

2 in 24-26 horn 

s 




broth. 

2 

C.2 

1:1,000 

2 in 36-36 horn 

s 





2 

C.2 

1:10,000 

2. in 24-36 hom 

s 





2 

0.2 

1:100,000 

- 






2 

0.2 

1:1,000,000 

- 


Pasteurella avium. 

h,5l9 

38 

Dry under vacuum 

2 

0.2 : 

I: ICC 

2 in 36-36 hour 

s 





2 

0.2 

1:1,000 

2 in 36-36 hours 





2 

0.2 

1:10,000 

2 in 36-36 hour 

s 





2 

0.2 

1:100,000 

2 in 364: 8 hour 

s 





2 

0.2 

1:500,000 

2 in 36-36 hours 

Pasteurella avium 

k 9 $l 9 

38 

Transfers on meat- 

2 

0.2 

1:100 

2 in 364:8 hour 

s 




pep tone-br oth 

2 

0.2 

1:1,000 

2 in 36-60 hour 

s 





2 

0.2 

1:10,000 

. _ 






2 

0.2 

1:50,000 







2 

0.2 : 

. 1:500,000 

- 


Pasteurella ovis 

2k 

33 

Dry under vacuum 

2 

0.2 

1:100 

2 in 16-24 hour 

£i 





2 

0.2 

1:1,000 

2 in 36 hour 

Si 





2 

0.2 

1:10,000 

2 in 2k hours 






2 

0.2 

.... 1:100, 000 

2 in 24-36 hour 

s 

Pasteurella ovis 

2k 

38 

Transfers on mea1>p«sp tone- 

2 

0.2 

1:100 

2 in 36-36 hour 





broth 

2 

0.2 

1:1,000 

2 in 48-7 2 hour 

£5 





2 

0.2 

1:10,000 

1 in 36 hours 






2 

0.2 

1:100,000 
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Dry -Cultures of Brueslls 




pathogen of brucellosis in cattle, 2 of the pathogen of brucel- 


losis in swine, and one of the pathogen of brucellosis in sheep* 


Before desiccation the strains were tested for cultural. 


morphological, agglutinative, and virulent properties. On a 


mi| : t-live. sugar- glycerin agar culture the Brucella grew in the 


form of small convex greyish colonies. In broth, as a rule. 


there was a soft diffuse growth by the. second or third day. 


in smears ma ue nm' eiutures 


; ta in a d by Kozlovskiy * s 


ground a pinkish color. The Brucella microbes had a character- 


istic polymorphic quality, sometimes in the form of oval cocci. 


sometimes in the form of short rods with rounded ends. 


The test for agglutinability showed that the Brucella 


strains selected for our experiment possessed pronounced agglu- 


tinative properties. For example, when Wright* s reaction was 


made with active specific agglutinative serum the strains agglu- 


tinated with a ++ and +++ index in dilutions of 1*50 to ls.1,600* 


In order to study the virulent properties of Brucella 


guinea pigs were inoculated with a 3-day agar culture in a X- 


billion bacteria dose based on the optical bacterial standard. 


As a rule 7 or 8 days after inoculation the guinea pigs showed 


marked beginnings of illness with a drop in weight of from 20# to 


30$* Some 15-17 days after inoculation the guinea pigs were killed 


and examined bacteriologically and pa thoana topically. A Brucella 


culture was recovered from almost all the guinea pigs, from the 


spleen and somewhat less often from the cardiac blood. The ag- 


glutination reaction with blood serum from the killed guinea pigs 


showed a pronounced agglutination titer (++ and +++) in dilutions 


of 1*25, 1*50, 1*100, and 1*200. 
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For drying* the Brucella cultures -were grown for 3 days on 
meat-liver sugar-glycerine agar. After macroscopic and micro- 


scopic tests for purity and typical growth, normal serum was added 
as a protective medium to a wash of the agar growth in the propor- 
tions of 1 part culture and 2 parts serum* After this the cultures 
were freeze-dried in a vacuum apparatus. 

P'urther studies of the dried Brucella cultures produced the 
following results. 

Vegetative properties. The contents of ampules tested for 
vacuum were dissolved in a physiological saline solution and trans- 
-^%rred to 'a mdatKL xver ; sugar- S^cefirie agar cuitureT After 2 days, 

$8 a rule, the Brucella cultures had grown on the agar in the form 
of small transparent convex greyish S-shaped colonies. In meat- 
pep tone-broth, growth in the form of a diffuse cloudiness of the 
broth ordinarily started on the second or Hard day. 

Thus cultures of Brucella kept dry under vacuum for 4 years 
possessed most pronounced vegetative properties. It must be pointed 
out that following numerous transfers to nutritive media which \*e 
made for 4 years there was not a single case of attenuation in 
culture growth. This presents evidence of the fact that strains of 
dry cultures of Brucella possessed pronounced capacity for reproduction. 

In smears made from broth and agar growths and stained by 
Kozlovskiy's method the microorganisms had a bright red color 
while the background was pinkish. The microbes had a characteristic 
polymorphic quality, sometimes in the fom of oval cocci, sometimes 
in the form of short rods with rounded ends. 

Agglutinative properties. We tested a gglutinabili ty in 
strains of dry Brucella cultures, by Wright's reaction for which we 
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used the well known active specific agglutinating serum. A wash 
from a 3^ day agar Brucella culture was added to test tube serum 
of various dilutions up to a concentration of 500 million bacterial 
bodies in one ml according to the optical bacterial standard. 

After shaking, the test tubes were placed in a thermostat for 18 
hours and then kept at room temperature for 20 hours. As a rule, 
after 24 hours a large number of the test tubes showed a pronounced 
agglutination reaction. However in order to obtain more accurate 
results we made another reading of the reaction after 36-40 hours. 

The results of testing a g^Lutina ting . proper tie s of Brucella cultures 
carfl. shown in Table 16. 

from the taole we can see that dry Brucella cultures kept 
for 4 years possessed pronounced agglutinative properties when 
they were tested with specific agglutinating serum. 

Virulent properties. In order to test the virulent properties 
of dry cultures of Brucella we inoculated guinea pigs with a 3-day 
agar culture obtained from strains which had been preserved in a 
dry state. The cultures were injected subcutaneously in a dose of 
1 billion bacterial bodies according to the optical bacterial 
standard. The results of these experiments are presented in Table 17. 

A Brucella culture was recovered from the spleen and less often 
from the cardiac blood of almost all the guinea pigs. In the 
dead and killed guinea pigs there was marked enlargement of the 
lymphatic glands and in individual cases there was pronounced 
necrosis at the inoculation -site. 
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mm. 16 

'GOLtTri'Tr r-oi r r i c dry cultures c inittcflla 




Length Of 





Dilut: 

ion of Agglutinating Serum 





Strain 

storage 










Nam© of Culture 


m 

(months) 1:2$ 

1:50 

1:100 

1:200 

1:400 

1:800 

1 : 1,600 

1:3, 200 Phyniolc- gical solution 


Br. bovis 


1,425 

48 + 4++ 

#+++ 

++++ 

++++ . 

++++ 

+ + + + 

++++ 

+ + 4 + 

; - 


Br. bovis 


4,004 

48 +++ 

+++4- 

++ , + 

++++ 

++++ 

+ + ++■ 

+ 4+, 

44 4 4 

- 


Br. suis 


i 

48 +++ 

+ 4--M* 

+ +44- 

++++ 

++++ 

44+4 

+ 4 

++ 

- 


Br. suis 


39 

48 

+++ 4 


++++ 

++++ 


+ 4+ + 

+ + 

. - 


Br. melitensis 


7k 

48 +++ 

+ ?-4 + 

++++ 

++++ 

++++ 

++ ■++ 

4++4 

+ 

- 


i 

G 





TAJ: 

•is 17 







CD 













1 



VIRULENT PROF' Tf TIES P 

:ND gflCLUTJ 

:u ability * 

OF DRY CULTIPf-S 0 - : 

BRUCELLA 






Length of 

No of inoou- 



Dilution 

of Blood 

Serum o J 

Killed 





Strain 

storage 

lated guinea 




Guinea 

Pigs 





Name of Culture 

No 

(months ) 

pigs 

Died 

Killed 

1:25 

1:50 

1:100 

1:200 Results of a Bacterio! 

ogical Examination 


Br. bovis 

1,425 

ue 

2 

- 

2 

++++ 

++++ 

■444 + 

+ +4 + 




Br. bovis 

4,004 

48 

2 

2 

- 

+ + 4 + 

+ 4+ + 

++++ ; 

+>+ 

Brucella culture rec 

evened from 


Br. suis 

1 

48 

2 

1 

1 

+ 4 4 + 

++++ 

44+4 

+ 44 + 

7 0-8 05 0 ? guinea pip 

L 


Br. suis 

3 9 

48 

2 

- 

2 

+ +4 + 

+ +++ 

+ 4 44 

+44 




Br. melitensis 

74 

48 

2 

1 

1 

+ ++ + 

++++ 

4 + 4 + , 

4 4 V 





( 
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1h@ results of the agglutination reaction shoved that blood 
serum from inoculated guinea pigs possessed a pronounced agglutin- 
ation titer. Analogous examinations for virulence in dxy Brucella 
cultures were made repeatedly during the 4»year period (after 3, 

12 , IS, 21, 24, 35, and U8 months). Bata from these experiments 
are produced in composite Table 18. 

The results ox these experiments indicate that guinea pigs 
inoculated with an agar Brucella culture obtained from dry strains 
fell ill after 6-8 days with symptoms of exhaustion and a loss of 
■weight W 20-30%. Dissection of dead ana killed, guinea pigs showed 
marked enlargement of the lymphatic gfands and, in individual cases, 
even an enlarged spleen, and in 70-80% ox the cases a Brucella 
culture was recovered. Frcm the experiments analyzed in tables 17 
and 18 ve can sea that dry cultures of Brucella possessed the 
capacity of stubbornly retaining their virulence for a very long time. 

As a result of all our studies it was determined that cultures 
of the brucellosis pathogen kept for k years in a dry state possessed 
typical morphological, cultural, and agglutinative properties with no 
deviations from the normal in their virulence. 


Dry Cultures of the Pathogen of Anaerobic Dysentery in Lambs 


For our study ve selected 2 strains of the pathogen of 
anaerobic dysentery in lambs (Bos 1 and 4). Before desiccation the 
strains were examined for cultural, raorphologi cal, virulent, and 
toxic properties. 

In meat-liver broth under vaseline oil young cultures showed 
luxurious growth with gas formation 7—8 hours after seeding. Under 
the microscope smears and hanging drop preparations showed thick 
isolated rods taking a good ktiefcPs fuchsin stain and a good Oram 
stain but lacking mobility. 
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fADLE 18 

COMPOSITE DATA FROM TEST" Nr* TH ^ T' IT* 1 ’if J?ROP rT JT * .$J> A GOLD TTF A I; 1 1, 1 TV OF DRY CULTURES 

OF BRUCELLA DURING THE L-YFAR STORAGE PARTOD 




No of inocu- 



Dilute 

Lon of Serum 

of Killed 



Strain 

lated guinea 




Guinea Pips 


Results of Bacteriological 

Name of Culture 

No 

pics 

Died 

Killed 

1:20 ' 

1:00 

1:100 1:200 

Examination 

h Br. bovis 


12 

1 

11 

++++ 

++++ 

+ + + +•!• 


i BP, tSOTdS 

k f oou 

& 


6 

++++ 

f+++ 

+-*++ ++ 










Brucella culture recovered 

Br. suis 

1 

12 

1 

11 

++++ 

+++•* 



Br. suis 

39 

6 


6 

++++ 

++++ 

+ + 4-+* 

from 70-800 of guinea pigs 

Br. melitensis 

7k 

12 

2 

10 

+■(•+■+ 

+ +++ 

4-M-+ -M~r- 



Total 


h Uh 
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In testing the biochemical properties of original strains 
of anaerobic dysentery in lambs by seeding media containing sugar 
we determined that the cultures possessed the capacity to split 
glucose, lactose, sucrose, levulose, and maltose with the forma- 
tion of acid and gas, diet not change mannite and duloite and 
rapidly coagulated milk* 


Guinea pigs inoculated subcutaneously with a 24-hour broth 
culture of the lamb dysentery pathogen in a 0.3 ml dose died after 
2 days. At the injection site there .developed characteristic 
pa thoana tomieal lesions in the form of pronounced edema in the 
region of the subcutaneous connective tissue. '■"Rabbits' inoculated 
intravenously with an 8-hour broth culture in a 0.2-ml dose died 
within 7-10 minutes from intoxication. 


The tested cultures of the pathogen of anaerobic dysentery 
of lambs were transferred to meat-liver broth under vaseline oil 
and cultured for 12 hours. After macroscopic and microscopic 
examination for purity and typical growth normal horse serum was 
added to the culture in the proportion of one part culture and 2 
parts serum® Microbial suspensions thus prepared were freeze- 
dried in a vacuum apparatus. Further examinations of the dried 
cultures produced the following results. 


Vegetative properties. Ampules with a culture of the 
pathogen of lamb dysentery were tested for vacuum before transfer 
to culture media. After this the contents of the ampules were 
dissolved in a physiological saline solution and transferred to 
meat-liver broth under vaseline oU. After 6 to 8 and rarely 12 
hours in a thermostat the cultures showed rampant growth with the 
formation of gas. Tests of lamb dysentery cultures kept in a dry 
state for 3£ months showed that they possessed pronounced vegeta- 
tive properties. 


Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 





Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 



Cultural biochemical properties. A microscopic examination 
oi cultures of iamb dysentery obtained directly from ampules after 
dissolving the contents and from transfer culture growths showed 


that the microorganisms are isolated thick bacilli (Figures 26 and 
2?) not possessing mobility. The microbes took good Zlehl fuchsin 
and Gram stains. 

The dry cultures of lamb dysentery transferred to media con- 
taining sugars split glucose, lactose, sucrose, -levuiose, and 
maltose with the formation of acid and gas, did not change mannite' : .:>:\:<v 
and duicite, but rapidly coaguia leu milK. 

Virulent and toxic properties. The virulent properties of 
dry cultures of iamb dysentery were tested by the inoculation of 
guinea pigs* The guinea pigs which were inoculated subcutaneously 
with a 0.2-mL dose of a 24-hour broth culture obtained from dry 
cultures died within 2 +?.£ days and dissection shotted a patho- 
anatcgnical picture characteristic of changes caused by these pathogens. 

The toxicity of dry cultures of lamb dysentery was tested on 
rabbits. The rabbits were inoculated intravenously with 6 to 10- 
hour growths obtained from dry strains* As a result of the experi- 
ment we found that the cultures possessed very great toxicity. 

For instance, in a dose of 0.1, 0.2, or 0.3 ml the cultures caused 
death in rabbits from intoxication in 5, 6, 8, and 10 minutes. 

Seeding media with blood from the hearts of dead rabbits usually 
produced growth of a pure culture of the lamb dysentery pathogen. 

Along with a study of the toxic properties of a fresh broth 
culture of the lamb dysentery pathogen we thought it veiy important 
to test the retention of toxin in the dry culture itself. In our 
opinion, this would enable us to establish the preservation not 

- 142 - 


!y:, 



Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 




Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 





only of vegetative and virulent properties in the dx-y state but the 


pres ervatiqh of the toxin as well. For this purpose we injected 

rabbits intravenously with 0.2 ml of a dry culture dissolved in a 
physiological solution. 

The results of testing the virulent and toxic properties of 
cultures of lamb dysentery are presented in Table 19 • 

From the table we see that dry cultures of anaerobic dysen- 
tery of lambs retained not only virulent but toxic properties for 
35 months. Guinea pigs inoculated with a broth growth obtained 
from dry cultures died "in the prescribed time. As a result of in- 
jecting a culture into the suocutaneous connective tissue of guinea 
pigs, edema developed as a rule. 

In studying the toxic properties of dry cultures following 
35 months of storage under vacuum it was established that broth 
growths obtained from dry cultures as well as the dry cultures 
themselves contain a sufficient amount of toxin to cause the rapid 
death of a rabbit following intravenous injection of a 0.2-ml dos®. 
The preservation of toxic properties of cultures of the pathogen 
of lamb dysentery has been confirmed by numerous experiments dur- 
ing 'the course of 35 months (after 6, 12, 2U, 30 * and 35 months). 
The results of these experiments are presented in Table 20. 

All our experiments brought out evidence of the possibility 
of preserving the cultural, morphological, virulent, and toxic 
properties of dry strains of the lamb dysentery pathogen for a 
long time. 
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TABLE 19 



VIRULENT 

AND TOXIC PROPER TI' S 

OF DRY CiJTYUk OP 

#T' P RHODEN 0" LAM3 

3 DYSENTERY 



Name of 

Culture 

Strain 

No 

Length of Storage 
(months) 

No of inocu- 
lated animals 

Method cf 
inoculation 

: Dose 

(ml) 

Dead as a Result of 
Inoculation. 

2ij.-hour broth culture's 

1 

35 

2 guinea pigs 

Subcutaneous 

0.3 

2 

after 2-2.5 days 

8-hour broth cultures 

1 

35 

2 rabbits 

I ntr avenous 

0.2 

2 

after 6-8 minutes 

Dry culture 

1 

35 

2 rabbits 

Intravenous 

0.2 

2 

after 12-17 minute: 

2li-hour broth cultures 

k 

35 

2 guinea pigs 

Sul. cutaneous 

0.3 

2 

after 2-2,5 days 

t 8-hour broth cultures 

k 

35 

2 rabbits 

Intravenous 

0.2 

2 

after 5-8 minutes 

Dry culture 

h 

35 

2 rabbits 

I ntr a venous 

0.2 

2 

after 8-12 minutes 


*Bfc*oth culture obtained by transferring a dry dysentery culture to meet-liver broth under vaseline oil. 


TABLE 20 

COMPOSITE DATA FROM TES HKD TOXIC Hter' T E < TRY (UTLT!JS> f 0? L/lfB BYSKIITERY PATUOGEHS 





DURING A 35-YOUTN 

STORAGE 

PERI CD 




Strain 

No of 

No of Rabbits 







No 

Experiments 

Inoculated 

Inoculated, with Khat 

I nocula tion Method! 

Dose (ml) 

Died as a Resul 

t of Inoculation 

1 

5 

8 

6-8-hour broth culture* 

Intrn 

venous 

0.1 ’ 

8 after 5'-8-l 

0 minutes 

it 

5 

8 

6-8-hour broth culture* 

3 ntr a' 

venous 

0*2 

0.3 V 

8 after 5-8-5 

1 minutes 







0.3 


• 

1 

3 

6 

dry culture 

I ntr a 

venous 

0.2 

6 after 7-1U- 

-17 minutes 







0.3 



h 

3 

6 

dry culture 

Int.ra- 

venous 

0.3 

6 after 6-8-' 

.2 minutes 

Total 


28 






OA 

*The broth culture 

was obtained: by transferring a dry lamb dysentery cul 

ture to meat~i 

:ep tone -broth under 

vaseline oil. 
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The capacity for preserving toxin in dry cultures of the 
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nificance for veterinary medicine since it permits us to use dry 
standard toxin for titering vaccine and serum for anaerobic 
dysentery of lambs* In addition, Hie drying method enables us to 
preserve the virulent and toxic properties of this pathogen for a 
long time in order to make high grade biological preparations, 

A supplementary test of 2 strains of the pathogen of 
anaerobic dysentery of lambs (Nos 1 and U) showed that the culture 
possessed vegetative and toxic properties .when examined 5*5 years 
after desiccation. For instance, following intravenous inocula- 
tion with a 0.1-ml dose of dry lamb dysentery culture white mice 
died in 3-7 minutes, iiabbits inoculated intravenously with a 10- 
hour broth culture in a 0.3-0 .5 -itlL dose died in 8-10-15 minutes 
from in 'toxica t ion. 

Dry Cultures of the Strangles Pathogen 

As we know, preserving cultures of the strangles strepto- 
coccus in culture media is quite difficult. In practice it not 
infrequently turns out that- the streptococci soon die when kept 
in culture media. This situation long ago brought out the neces- 
sity for having an improved method for keeping these cultures. 

For our study we selected 3 strains of the strangles strepto- 
coccus (Nos D9/l, D£/2, and D9/3). Before desiccation the strains 
were tested for cultural, morphological and virulent properties. 

Ordinarily for growing cultures of the strangles strepto- 
coccus we use meat-pep tone-broth with normal horse serum added. 
However, we have recently started to use Murom tsev*s semiliquid 
agar and this medium has been acceptable since tile streptococci 
grow intensively in it. 
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In testing the cultural and morphological properties of 
strangles streptococcal strains grown on semiliquid agar and 


selected for the experiment we determined that a 24-hour growth 
consists of individual cocci and short chains* 

The streptococcal strains caused the death of white mice 
20-30 hours after in traps ri ton eal injection of a 0.1 -ml dose* 

For desiccation the tested streptococcal cultures were 
transferred to semiliquid agar where they were cultured for 24 
hours. After macroscopic and microscopic tests for purity and 
■ typical "growth pa item the Cultures were split up into ampules 
and desicca ted. 

During our first experiment the streptococcal cultures ... 
were dried without any normal serum being added since we assumed 
that Hie semiliquid agar in an amount of 0.2# in which the 
streptococci were grown might serve as a protective medium during 
freeze-drying. However during storage it was determined that 
streptococcal cultures dried without the addition of noimal 
serum did not possess the capacity for retaining their vegetative 
properties for a long time. For instance* two of the three dried 
strains did not grow when semiliquid agar was seeded with them 
after 12-lS months of storage. 

Thus* the attempt to produce high grade dry cultures of 
streptococcus without the addition of normal serum for a protective 
colloid was unsuccessful in our experiment. Because of these 
circumstances the experiment in drying these strains of strepto- 
coccal culture was repeated but this time we used normal serum as 
a protective medium. 

- lU6 - 
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lor purposes of desiccation the streptococcal cultures 
were cultivated in semi liquid agar for 24 hours. Af ter s 
macroscopic and microscopic examination for purity and typical 
growth we added normal horse serum to the culture in the pro- 
portion. of one part culture and 2 parts serum. These cultures 
were dried from a frozen state in a vacuum apparatus. Further 
examinations of the dry cultures of the strangles streptococcus 
produced the following results. 

Vegetative properties. Before transferring to nutritive 
media the ampules with dry streptococcal cultures were tested 
for vacuum after which the cultures were dissolved in a physio- 
logical saline solution and transferred to semiliquid agar. Some 
24 hours later there was usually luxuriant growth of Hie strepto- 
coccal culture on the agar. These experiments showed that 
cultures of strangles streptococci kept in a dry state for 3 
years under vacuum possessed pronounced vegetative properties# 

Cultural and morphological properties. Experiments aimed 
at studying cultural and morphological properties showed that 
24 -hour growths of streptococci obtained from dry strains con- 
tained isolated cocci and short chains. The streptococci took 
a good aqueous fuchsin and .huffier 1 s blue stain. Surface streaked 
cultures of streptococcus on blood agar in Petri dishes showed 
pronounced growth after 24 hours in the form of tiny whitish 
colonies with a clear zone around them (hemolysis)# This zone 
later increases markedly, reaching total hemolysis of all th© 
erythrocytes in the agar toward the fourth or fifth day. 

Dry cultures of streptococci, as shown by the experiments, 
possessed th sir cha rc ter is tic weak biological properties, lor 
instance, the streptococci split glucose and sucrose with the forma- 
tion of acid, did not change lactose, maltose, rafiinose, and mannite 
and did not coagulate milk. 
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Virulent properties. The virulent properties of dry 
cul t tires of s treptococci were tested by . in ocula ting whi te mi ce 
intraperitoneally with a 0*l-ml dose of a 24 -hour growth 
cultured on semiliquid agar by transference of dry strains. 

The streptococcal cultures kept under vacuum in a dry state for 
3 years possessed pronounced virulence* causing death in white 
mice within 20-26 hours. In all eases we were able to recover 
a culture of the strangles streptococcus from the cardiac blood 
of the dead mice* 

The data from these experiments are presented in Table 21* 

The virulent properties of dry streptococcal cultures were 
tested several times during the course of the 3-year storage 
period (after 3* 6* 14* 26. and 36 months). The results of these 
tests are shown in composite Table 22. 

As we see from tables 21 and 22* the streptococcal cultures 
possess -pronounced virulent properties. Thus it was established 
that desiccation allows the preservation for a long time of 
cultures of the strangles streptococcus* with the cultural, morpho- 
logical* and virulent properties of the microorganisms undergoing 
no changes during the process. 

An additional test of 3 strains of the strangles strepto- 
coccus (Mos B9/l> Dd/2* and £9/3) 5*5 years after desiccation also 
showed that the dry cultures possess good vegetative properties 
and a high virulence for white mice. 






f 

i 


Strain So 
T)9/l 
B9/2 
D9/3 


V ]R' 7 L1TMT PROP! 


TA.BLI C 21 

PS 0- DPT CULTURES 


Length of Storage (months) Sc of Mice Inoculated Inoculation Method Dose in ml Died as a Result of Inoculation 


in. 1 traper it oneal 
intraperi toneal ; 
inirapnri toneal • 


3 after 18-22-26 hours 
3 after 20-24-26 hours 
3 after 22-22-26 hours 


Strain Mo 
D9/1 


GCMT03ITE: DATA 015 TESTTI5G TIP 
OF STREPTOCOCCI DURING 


Mo of Experiments 

5 

5 

5 


TB 0* DRY •TMLTURF3 
P-RIOD 


No of Mice Inoculated Inoculation Method ; Dose in ml Died as a Result of Inoculation 
15 intrnrori rones 1 - 0.1 is no no •. 


peritoneal 

0.1 

15 after 18-20-28 hours 

peritoneal 

0.1 

y> after 17-22-26 hours 

peritoneal 

0.1 

15 after 18-2U-28 hours 


/ 
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As already indicated, for determining the virulent 
properties of dry microbial cultures we used growths on broth 
and agar obtained by cultivation of dry strains. However we 
thought it necessary to test the virulence of the dry strains 
directly. For this purpose we used dry cultures immediately 
after their dissolution in a physiological solution. As a 
result of our experiments we found that dry cultures kept for 
32 months possessed virulent properties for vzhite mice but in 
higher doses. For instance, while cultures of the pathogen of 
calf and pig paratyphoid fever obtained by cultivation from dry 
strains caused death in white mice in doses of one and 10 
million ua cterial bodies, the dry cultures administered direc tly .. 
caused death in white mice only in much larger doses. We found 
approximately the same virulent properties in the dry cultures 
of Pasteurella which caused death in white mice in a 0©2-ml dose 
of ls.100 dilution but did not cause death in a 1^1,000 dilution. 
This is explained by the fact that the number of living microbial 
cells in the cultures decreased markedly as a result of desiccs- 
tion and prolonged storage. 

Dry Cultures of the Malignant Anthrax Pathogens 

Cultures of malignant anthrax are not labile but they are 
much more easily and simply preserved in a dry form. For this 
reason at the State Institute of Control all productive strains 
of malignant anthrax are kept and distributed to the biological 
preparations plants only in a dry form. 

Ihe malignant anthrax strains are dried in the same manner 
as the other cultures of which we have been speaking. In practice 
the institute uses 20 dried productive strains of the malignant 
anthrax pathogen. 
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Observation of • dry ■ -cultures of iusli|^sni anthrax iot 3 years 
showed that cultural, morphological* biochemical., antigenic, and 
virulent properties are completely retained. For instance, on 
meat-pep tone-agar grow -typical ft- shaped colonies (Figure 28), while 
in meat-peptone-broth the cultures grow with characteristic clari- 
fication of the medium and the formation of clumps on the bottom 
of the test tube. 

.. . In a morphological, sense, the. bacilli of malignant anthrax 
from a 24«hour broth culture made from dry strains are typical rods 
with si i ghtly. rounded ends (Figure 29) and the .involution forms 
of microbes' are lacking. 

Knen tested for biochemical properties all strains of dry 
cultures of malignant anthrax manifest weak xermenta tive properties 
typical of the cultures, split up glucose, sucrose, and maltose 
with the formation of gas but do not change lactose. 

Experiments to test the virulent properties of dry cultures 
of malignant anthrax over a period of 3 years showed that all the 
strains possessed great virulence. They caused death in rabbits 
inoculated in doses covered by current instructions within a 
period of 36, u8, 60, and 72 hours. 

The use of dry strains of mail giant anthrax for cultivation 
and the preparation of antigen in the hyperiaununieation of horses 
which produce antianthrax serum has shown that the strains have 
pronounced antigenic properties. This fact can be confirmed by 
the fact that the antianthrax serum obtained possessed very active 
properties against malignant anthrax. 
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In addition to the microbial cultures described above the 
laboratories or the State" Control Institute dry many 'other ©pecies 
of microorganisms, for example, cultures of pullorum disease, 
glanders, paratyphoid abortion of mares, etc. 


A study of the physicochemical properties of dry cultures 
(pH of the medium, residual moisture, and viscosity) shoved the 
•following. Hi© reaction of the medium in cultures following ' 
desiccation shifts somewhat toward alkalinity. The residual ... 
moisture in dry cultures does not exceed 0. 4-0.7# when determined 
in a desiccator over cal dium chloride under vacuum and 1. 0-1.5$ 
.when tested in a drying cabinet at 105°. The viscosity of "cultures 
as a result of desiccation undergoes almost no changes, Re deter- 
miniedi viscosity by Determan’s method. 


The results of our examinations in this area are provided 
in Table 23. 

TABLE 23 

RESULTS OF TESTING pH, RESIDUAL- MOISTURE, 

AND VISCOSITY 01 DRY HI. CR0 HEAL 
CULTURES 


Ifeme of Culture 

Culture Type 

PH 

Moisture 

Visco; 

Salmonella en teridi ti s 

agar 

7.3 

- 

1.6 

Salmonella en teri di ti s 

dry 

7.7 

0.6 

1.7 

Salmonella cholera e- suis 

agar 

7.U 

- 

1.5 

Salmonella cholerae-suis 

dry 

7.7 

0.45 

1.5 

Brucella suis 

agar 

7.U 

- 

1.6 

Brucella suis 

dry 

7.6 

0.73 

1.8 

Pasteurella suiseptica 

broth 

7.0 

- 

1.7 

Pasteurella suiseptica 

dry 

l.k 

0.52 

'•# 1.6 

. 
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In describing the method for drying microbial cultures used 
in tns State Control Institute we must indica te the methods for 
drying microorganisms used in medical institutes. For instance* 

A, Klimentova, R. Kruk, and G. Yaimol^huk dried bacterial cultures 
of diphtheria and Shiga, and Flexner dysentery. The cultures were 
freeze-dried under vacuum with normal serum used as a protective 
medium, hhen the dry cultures were tested the authors found that 
diphtheria microbes retained. cultural, biochemical, and virulent g 
properties for 4 years while the microorganisms of Shiga and 
flexner dysentery retained their cultural, toxigenic, and aggiu- . 

. . tin o genic properties for 6 years. 

K. Ye. Bolinov and!.. B. Balayan dried- pneumococcal cultures, 
fraifi a frozen state under vacuum. They used normal serum and 
culture broth as a protective medium. In describing the desicca- 
tion method the authors point out that the prefreezing temperature 
for pneumococcal cultures? of between -20° and -70° has the same 
effect on the viability of microbes. For this reason the use of 
the temperature of -78° for prefreezing is unnecessary since the 
temperature of -20° assures equally successful desiccation of the 
microbes, 

K. Ie. Dolinov and L. B. Balayan established the fact that 
a serum medium is much more effective since the viable properties 
of the pneumococci are better preserved with it. The viable 
properties of the microbes are likewise better preserved during 
storage under vacuum. 

S. 3. Rechmenskiy reported on the successful desiccation 
and storage of Escherichia coli and Vibrio aqua tills. The 
cultures were dried from a frozen state in a vacuum apparatus. 
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For freezing the;- used temperatures between -20° and - 75 ° * but 
Rechmenskiy believes that -20° would be enough since this cooling 
temperature assures the production of high grade dry cultures* 

The dry culture of Vibrio aquatilis is easily restored by trans- 
fer to agar plates but Hie activity of growth of the Vibrio and 
its mobility in the first generation was weaker than the Vibrio 
strain in the control culture. This difference soon disappeared . 
in later generations* When studying Escherichia coll Reehmenskiy 
discovered that with regard to morphology^ acid-formation -.from 
lactose, toxicity for rabbits,’ and agglutinative properties 
the dry culture behaved in a typical fashion. Hie effectiveness 

of Hie storage method and the use of microbial cultures in the 

dry form has now been confirmed by its use in many microbiological 
institutes of the Ministry of Public Health uBSH (Institute of 
Epidemiology, Microbiology, and Infectious Diseases of the 
Academy of Medicine USSR, Central State Control Institute imeni 
Tarasovich, and a number of other institutes). 

Mo Mo laybich, using sucrose and agar in drying bacterial 
cultures, observed that sucrose increases the resistance of 
bacteria to freezing, desiccation and in part to storage while 
agar contributes to a longer preservation period for the cultural 
and biological properties of microbes in a dry state. The use 
of gelatin is connected only with the necessity for improving dry- 
ing; conditions. 

be cannot however agree with this: fully, since the dying . 
process among microbial cells of many dry cultures prepared with 
the addition of sucrose and gelatin, in the experiments of Kozlov, 
DeL'nik, and Vinogradov, was quite intense. The number of dead 
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microbial ceils in many cultures during storage in a refrigerator 
(+2°, <Ji°) during the course of a year increased to extremely 
great dimensions. For instance, the number of viable microbes of 
Escherichia col i dropped to 8.3$, of paratyphoid A to 0..7 6#, of 
paratyphoid B to 3.1#, of brucellosis to 3 •U%, Flexner’s dysentery 
to 1%, and Sonne 1 s dysentery to 0,7%. This suggests that the 
dying process in microbial cells of cultures dried with the addi- 
tion of sucrose and gelatin had a very rapid course ana this 
might be caused only by the insufficient richness of the drying 
medium, that is, sucrose and gelatin. . 


ibis iact is coni limed by our experiments and the 


•• *•*>-** wu-v*-«uxx»u/» cuxvA -Belays n whe a© other results ou the viability 
of microbes were received when normal, serum was added as a pro- 
tective medium for desiccation. For instance, in our experiments 
0n drying Salmonella enteriditis with serum arid in studying vi- 
ability factors it was determined that after 3 years of preserva- 
tion the number ~ - -5/“* i.« ? ^ ... 

vcaxo o (j i4/? wht?u cried wiuxi 

gelatine the culture no longer produced any growth when trans- 
ferred to culture media. It. must be pointed out tha t in our ex- 
periments the dry Salmonella enteriditis cultures were kept at 
ordinary room temperatures of 15°, 20°, and 27° while in Kozlov's, 
Del 'nlk's, and Vinogradov's experiments the cry cultures were 
stored at a more favorable temperature of +2°, - 4 °. 


Analogous results were obtained by Dolinov and Balayan. 
Dry pneumococcal cultures, dried with serum, retained 33-79# 
viable cells after 38 months while in a pneumococcal culture 
dried with nutritive broth ihere remained only 2.8-8# viable 
cells after the same time. 
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G. V. Vygodehikov, in treating problems of preserving 
microbial cultures used for making vaccine preparations, points 
out that for this purpose a fully satisfactory method was that 
of drying microorganisms in a vacuum apparatus from a frozen 
state* The author believes that for a basic improvement in vac- 
cines, used for the prevention of intestinal infections, we 
need to use the principles of controlled variability of microbes 
and the selection of the most immunogenic strains with subse- 
quent preservation of their biological properties through desie- 
eation. 


In 1950' Fu V, Pelevins 1 s work - on drying microbes a t, the 



author reports that desiccation took place at first in a 
desiccator without a vacuum and then in a Flosdorf vacuum apparatus, 
showing the superiority of drying the microbial cultures from a 
frozen state in a vacuum apparatus* Iri the first experiments M. 
y. Pelevina dried typhus and ns ra typhoid A and d cultures on 
filter paper which was impregnated with a culture washed from 
agar by normal horse serum and placed in ampules. A study of 
these cultures after 30 months storage in a dry state shewed that 
they had not changed their biological properties. 

In subsequent experiments H* V. Pelevina dried 6b strains 
of various microbial cultures including 25 strains of Shiga 
dysentery, 11 strains of Schmitz-Stutzer's dysentery, 6 strains 
of Sonne’s dysentery, 2 strains of typhoid fever, 5 strains of 
hscherichia coli, U strains of staphylococcus, etc. For drying 
media M. V« Pelevina used normal horse serum, a gelatine-agar 
culture with sucrose, and skimmed milk. Cultures of 0.2 ml in 
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ampules were dried in a manifold vacuum apparatus for 6 hours. 

An addi tional idrh our desiccation took place' with' the vacuum 
pump turned off. By determining the number of viable microbial 
cells in the dry cultures, M. V. Pelevina came to the conclusion 
that the gela tin e-a gar- sucrose medium had greater protective 
properties. 

However, it must be pointed out that the percentage of 
dying microbial cells in ail cultures including those with the 
gels tine-a gar- sucrose medium was extremely high (99*!?, 99, 9b, 

90 , 85). The amount of residual moisture in the dry cultures was 
b~il)&. . The data cited by Pelevina on the effectiveness of the 
serum medium for the desiccation -of cultures are at great diver- 
gence with the data obtained by K. Ye. Bolinov and the author of 
the present book® Unfortunately, the observations of Pelevina 
with regard to the quantity of viable microbes in dry cultures, as 
shown in the article, were made only during the course of 6 months. 
It 'would be extremely interesting to carry out these observations 
over a longer period of time. As a result, Pelevina comes to the 
conclusion ‘that the experiments conducted grant us the practical 
application of shipping strains 'of microbial cultures in a dry form. 

bhile studying the effect of freezing and desiccation on the 
viability of microoial cultures of Salmonella enteriditis, we 
determined that a large number of microbial cells die during 
freezing. For instance, when using normal horse serum as a pro- 
tective medium 40 ;* of the microbes die, with gelatine die, and 
with a physiological solution 87&* The dying of microbial cells 
continues even during desiccation and reaches 12, 11, and 6$ for 
the 3 media, respectively. 
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V*e may assume that during the freezing process and during 
desiccation the weakest microbial cells die first. Later dying 
during storage in the dry state is much less pronounced and es— 
pecially in cultures dried with normal serum* The number of dead 
microorganisms dried with serum during a 3 -year storage period was 
only 33 . 2 %, This shows the possibility for keeping microbes in a 
dry state for a long time, 

■ On the basis of our investigations we can understand the 
absence of any data in the literature -on the eying of microbial 
cells during culture desiccation. This apparently depends wholly 
on the external conditions under which freezing, desiccation, and 
storage take place. 

be obtained better results in drying microbial cultures bv 
using inactivated normal horse serum as a protective medium* For 
this reason we used this medium in all later observations. 

A systematic U-year study of all microbial cultures which we 
had dried and observations of them during a later period permitted 
us to determine the biological pattern of the condition of 
microbial cultures during desiccation and storage. 

As we see from the preceding experiments in this section of 
the book, a protein protec tive medium and a high vacuum contribute 
to prolonged preservation of the viable properties of microbial 
cells in dry cultures. Microbial cultures retain fully their 
morphological, cultural, biochemical, agglutinative, toxic, viru- 
lent, and antigenic properties for no less than U years. 


- 158 - 



Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 




Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 



BIBLIOGRAPHY 


Avessalomov, I. -S., "Dry Trypanosome Antigen. in the Complement 
fixation Reaction in Trypanosomiasis in farm Animals," 
Sovetskaya veterin&riya [Soviet Veterinary Medicine] , ho 
A, 1939, Moscow 

Avessalomov, T . S, , "Dry Medical and Veterinary Biological 

Preparations," Trudy Burya t-Mongol 1 skogo zootekhnicheskogo 
institute [Transactions of the Burya t-Mongolian Loo technical 
I ns titu te j , No 2, published by the Burya t-Mongol ian Sta te 
Publishing House, 1941, Ulan-Ude 

; Avessalomov, I* ."Dry Positive ."Trypanosome Serum," Veterinariys 
; [Veterinary Medicine!, ho 7, 1947, Moscow 
Avrekh, V. V., Kulagina, A * -N . , Khavriyevich, M. A., Prokof»yeva, 
A. V,, and Rybakova, L. D., "Comparative Evaluation of tee 
Quality ol Dry and Liquid Dysentery Phages under Laboratory 
Conditions, " Lhurnal mikrobiologii, epidemiologii i 
immunob iol ogil [Journal of Microbiology, Epidemiology, and 
Immunobiology], Mo 10, 1946, Moscov, Medgiz 
Aleyev, B. S. , Mikrobiologiya pishchevoy promyshlennosti [Micro- 
biology of the Food Industry] , 1944, Moscov, Pishchepromizda t 
Bagdasarov, A. A., Dul'tsin, M. S., Al'perin, P. M., Vinogradov, 

V* V., and Loginova, ± "Use of Dry Serum in Protein 
Deficiency," Sovran ermyye problemy gematologii i 
perelivaniya krovi [Present-Day Problems in Hematology'- and 
HLood Transfusion], Ho 20-21, 1944, Gor*kiy 
Bauer, 0* E., and Velik, M. A., "Observation of the Action of a 
Dry Dysentery Bacteriophage," Voyenno-sanitamoye delo 
[Military Sanitation], N© 9, 1941, Moscow, Medgis 
Bakhmetiev, P. I., "Anabiosis," Kauchnpye obozreniye [Science 
Review], Ko 1, 1900 


- 159 - 



Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 





Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 


6 




Bakhmetiev, P. I., ,5 How I Discovered Anabiosis in Mammals," 
Prlroda [Nature] , Mo $$ X91 2 

Bakhmet'yev, P. 1., “Results of My Investiga tlons of Anabiosis 
in Insects and My Plan for Investigating the Phenomenon 
in Vvsrm Blooded Animals,” 1 zvestiya Akademii nauk [News 
of the Academy of Sciences], Vol XVII, No 4, 1902 

Belyayev, A. A,, “Thermostabile Smallpox Vaccine,” Zhurnal 

mlkrobiologii, epidemiologii i immunobiologii, No 4, 19UI, 
Moscow, Medgiz 

Bogomolova, L. G. , “Experimental and Clinical Data on the Use 

of Dry Plasma and Dry Serum,’ 1 Trudy Lerxingradskogo nauchno- 
issledova tel ’skogo institute perelivaniya krovi [Trans- 
actions of the Leningrad Institute of Blood Transfusion Re- 
sea re: I, Vol V, 1943, Leningrad 

Bronshteyn, K . I. and Zak, 0, S. , “Comparative Study of Strains 
of Fixed Rabies Viruses from Several Pasteur Stations,” 
Zhurnal mlkrobiologii, epidemiologii i iramunobiologii. 

No ( « 1942, Moscow, Medgiz 

Bygodchikov, G. V., ’’Controlled Variability of Microbes audits 
Role in the Improvement of Specific Prophylaxis and 
Therapy,” Trudy konferentsii institutov epidemiologii i 
mlkrobiologii po problem© izmenchivosti mikrobov [Trans- 
actions of the Conference of Institutes of Epidemiology 
and Microbiology on the Problem of the Variability of 
Microbes], 1949, Gor'kiy Institute of Epidemiology and 
Microbiology 

Vyshele-sskiy, S« N., Chastnaya epizootologiya [Specialised 
Epizootology], Sel'khozgiz, 1948, Moscow 

Gamova-Kayuko va , N* I., ’’Method for Producing Dry Cultures of 

Lactic Acid Bacteria by Using “Growth Substances” and Vacuum 
Drying at Low Temperatures,” Mikrobiologiya [Microbiology], 
Vol XVII, No 1 AN SSSR [Akademiya Nauk SSSR — Academy of 
Sciences USSfl, 19U8, Moscow 





Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 




Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 


Gol dshueyn, ft. 1., irenkel', G. K., and dntsburg, M. B. t 
“ £ “ :cd for Adducing a Dry Dysentery Bacteriophage," 
Zhumal mikrobiologii, epidemiologii i immunooiologii. 

No 10-11, 19kk t Moscow, Medgiz 

Gorokhovs, Ye. A., "Preserving Complement through Desiccation," 
Trucfy likrainskogo institute imeni Mechnikova [Transactions 
of the Ukrainian Institute imeni Mechnikovj, Vol 1, 1939 
Gorokhovnikova, A. I., "Producing Dry Dysentery Phage at the 

Moscow Institute imeni Mechnikov, " Zhurnal mikrobiologii, 
epidemiologii 1 immunobiologii. No 2, 1918, Moscow, Medgiz 

Gorokhovnikova, A. I, and Bezobrazova, A. I 1 ., "Action of a Dry 
Dysentery bacteriophage in Dilutions in the Body," Zhurnal 
mikrobiologii, epidemiologii i immunobiologii. No 2, 1948, 
Moscow, Medgiz 

Grozoov, D. I., "Transfusion of Dry Human Serum and Plasma," 

Sovremennyye problemy ganatol ogii i perelivaniya krovi. 

No 19, 191*4 

Qreyevskiy, A. Ya., "Vitreous State of Protoplasm under Deep 
freezing Conditions," Uspekhi sovranennoy biologii 
[Achievements of Modem Biologyj, Vol XXV, Ho 2, 1948, 

Mo scow-L enin gra d , AN SSSR 

Dorofeyev, A. A. and Putimov, V. M., "Study of a Dry Brucellosis 
Vaccine from Strain ho 19 in Cattle," Veterinariya, No 4-5, 
1945, Moscow 

Dolinov, K. Ye. and Balayan, L. B., "Drying Conditions for Pnetono- 
cocoal Cultures," Zhurnal mikrobiologii, epidemiologii i 
Immunobiologii, No 7, 1946, Moscow, Medgiz 

Dub ro vinskiy, S. it., Rozenfel'd, V. D., and Hoshchina, Z. A., 

['Effectiveness of Dry and Liquid Dysentery Bacteriophage in 
foroeriments," Zhurnal mikrobiologii, epidemiologii i immune- 
! biologii. No 2, 1948, Moscow, Medgiz 

d £ - ia - 

Mm, 


Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 




Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 



Yefimov, V* V. , “Freezing and Supercooling of Protozoa, n Arkhiv 
.Husskogc protietologicheakogo obshcnestva [Archives of the 
Russian Pro histological Society], Vol 1, 1922 


Yelizarovskiy, G. I*, “Effect of Low Temperatures on the Bio- 
logical Properties of Tetanus Anatoxin, 51 Zhurnal miisro- 
biologii, epidemiologii 1 imruno biologii, No 10, 1942, 
Moscow, liedgis 

Ivanov, I. I, and Ivanova, T« I,, “Problem of Anabiosis and the 
Question of the Stability of 33ried Proteins,*' Byulleten* 
eksperimental ■noy biologii i raeditsiny [Bulletin of 
■ ■■■■Experimental Biology and !> edicinej , Mo 6, Vol XXV, Issue 
6, 1948, Moscow 

Itter, N. S. , “Methods for Preserving Streptococcal Cultures, “ 
Trudy Lenin gradskogo instituta epidemiologii i 
mikrobiologii irneni Pastera [Transactions of the Leningrad 
Institute of Epidemiology and Microbiology imeni Pasteur]*, 
Vol VII, 1940 

Kazbeiyuk, N. A., “Problem of the Preservation of 'Microbial 

Cultures,** Labors tomaya praktika [Laboratory Practice], 

Mo 12, 19U0, Moscow,. Medgiz 

Kalabukhov, N. I*, “Materials for a Study of Hibernation and 
Anabiosis in Bees,“ Koologicheskiy zhurnal [journal of 
Zoology], Mo 4, 1933, Moscow, Medgiz 

Kalabukhov, N. I*, Spyachka zhivotnykh [Hibernation of Animals], 
1936, Moscow, Biomedgiz 

Kapterev, P. N. , “On Anabiosis under Permafrost Conditions," 

Izvestiya [Mews] AM SSSR, Beriya biologicheskaya [biological 
series]. No 6, 1936, Moscow 

Kalyayev, A. V., “On Anabiosis under Permafrost Conditions," 
Mikrobiologiya , Vol XVI, No 2, 1947, Moscow, AN S-SSR 


- 162 - 



Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 





Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 




KLimentova, A., Kruk, R, , and YarmoL *chuk, G. , “Preservation of 

Bacteriological and Biological Preparations by Drying under 
High .Vacuum,” Zhurnal mikrobiologii, epidemiologii i immuno- 
biologil , No 7, 1942, Moscow, Medgiz 

Xozhanchikov, I, V., “Thermostabile Respiration as a Condition of 
Cold Resistance in Insects,” Zoologicheskiy zhurnal, Vol 
XVIII, No 1, 1939, Moscow, Medgiz 

Kozlov, Yu. A., “Dry BCG Vaccine,” Zhurnal mikrobiologii, 

epidemiologii i immunobiologii, No 10, 1948, Moscow, Medgiz 

Kozlov, Yu. A., Del*nik, B. B. , and Vinogradov, V. V., “Preserva- 
tion of Museum Cultures of Bacteria in a Dry State,” Zhurnal 
mikrobiologii, epidemiologii i immunobiologii, No 10, 1948, 
Moscow, Medgiz 

Konova, A. R. and Bazilevskaya, L. S., “Preservation of a 

Diphtheria Strain,” Laboratornaya Praktika, No 1, 1938, 
Moscow, Medgiz 

Konova, A. and N ikol 1 skiy. A., “Production of a Stable Meningo- 
coccal Toxin,” Zhurnal epidemiologii 1 mikrobiologii 
[ journal or Epidemiology and Microbiology]",- No 7-8, 1933y 
Moscow, Biomedgiz 

Kolesnikova, L. I. and Kholchev, N. V., “Dry Antimeasles Sera,” 
Zhurnal mikrobiologii, epidemiologii i immunobiologii, No 
6, 1943, Moscow, Medgiz 

Kolesov, S. G., “Preservation of Biological Preparations and 
Microbial Cultures by Desiccation,” Veterinariya, No 10, 

1945 , Moscow 

Kolesov, S. G. , “Preservation of Biological Preparations and Micro- 
organisms by the Desiccation Method,” Nauchnyy otchet 
Kon trol ’nogo instituta veterinamykh prepara tov^[ Report of 
the Control Institute of Veterinary Preparations], 1947, 
Moscow, Sel*khozgiz 

Xriss, A* Ye., “Microorganisms of the Permafrost Zone,” Mikro- 
biologiya, Vol IX, No 9-10, 1940, Moscow, AN S3SR 


- 163 - 



Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 





Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 


Kriss, A* Ye., "Biy Dysentery Phage Vaccine,” Zhurnal mikrobioiogii. 


epiciemiolo gif i inimunobioXogii , Kb 6 , 1943 , Moscow , 'Medgiz 
Kiiss, A. le. and Grave, N. A., "On Anabiosis in Permafrost a 


Thousand Years Old, " Mikrobiologiya, Vol XIII, ho 5, 1944, 


Moscow, AN SSSR 


Kurochkin, B. I*, "On Iky Complement, M Zhurnal mikrobioiogii, 

epidemlologii i immunobiologii, No 4-5, 1944, Moscow, Medgiz 


Labunets, N . !•., "Study of Anabiosis During Desiccation of the 


Tardigrade Tardigtoda through in vivo Staining," DokLa dy 
Akademii hauk SSSR [Reports of the Academy of Sciences 1 
SSSRJ, Vol XXI, No 5, 1950, Moscow-Leningrad, Academy of 


Sciences USSR 


Levis, K. F* and Zaytseva, a. la., "Preservation of Blood at Low- 


Temperatures," Trudy Lenin gradsko go na uc hn o - i s si e do va t el 1 s ko go 


institute perelivaniye krovi, Vol V, 1943, Leningrad 


Levitov, M* N. and Tsuverkalov, D* A., "Production of Dry and 


Purified Anti anthrax Serum. "Zhumat ecidemiolo^ii 


mikrobioiogii. No 7-6, 1933, Moscow, Biomedgiz 


Levitov, N. ft* and Ikmek, A*, "Preservation of the Cattle Plague 
Virus in Blood through Low Temperatures," Prakticheksaya 
veterinariya [?r*actical Veterinary MedicineJ, No 3, 1929, 


L osina -Lozinskiy, L. K., "Resistance to Cold and Anabiosis in 


the Corn Borer," Zoologicheskiy zhumal, Vdl XVI, 1937, 


Moscow, Medgiz 


Maksimov, N* A.*, "Internal Factors in the Resistance of PI 


to Frost and Drought," Trudy prikladnogo botanicheskog© 
geneticheskogb issledcvaniya [Transactions on Applied 
Botanical Genetics Research], Vol XXII, No 1, 1929 


Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 




Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 



Milo Vidov, V. S., “Preservation of the Reacting Propel'’ ties of 
Brucellosis Sera Dried on Filter Paper, “ Lsbcra tornays 
praktika, No 9-10, 1939 j Moscow,. Medgiz 


Mikhin, N. A. and Leonov, N. I., Kurs veterinarcioy mikrobiologii 
[Course in Veterinary Microbiology j , 1930, Moscow, 

Sel ! khozgiz 

Morozov, M* A. , Korol 1 kova,M. I., Kasatkevich, S.'S. and 
Dolinov, K. Ye,, “Dry Smallpox Vaccine, 11 Zhumal 
mikrobiologii, epidemiologii i immunobiologii, No 6, 

19U3, Moscow, Medglz 

. Nepomnyashchaya, M. L., Tovarov, S. L., and Man el ova. It. G., 

’'Dry Antigen for the 'Weil -Felix Reaction, " Churns I "mikro- 
biologii, epidemiologii i immunobiologii. Mo 9, 19U5, Moscow, 
Medgiz 

Nakhimson, L*. I. and Fanderflit, le. P., “Immunogenic Properties 
of Dry BCG Vaccine, 11 Zhurnai mikrobiologii, epidemiologii 
i immunobiologii, No 6, 1945, Moscow, Medgiz 

Omelyanskiy, V e I . * “Bacteriological Examination ef the 
Sangayurakh Mammoth and Surrounding Soil, 1 * Arkhiv 
biologieheskikh nauk [Archives of the Biological Sciences], 
Vol XVI, No 4, 1911 

(Belyanskiy, V. L., Osnevy mikrobiologii [Principles of Micro- 
biology], 1936, Leningrad, Biomedgiz 

Palladin, a. V., Uchebnik biologicheskoy khimii [Textbook of 
Biochemistry], 19U6, Moscow, Biomedgiz 

Poltinnikova, A. M., “Production of Dry Bacterial Preparations 
(Bacterial Standard, Hypodermic Vaccine and Diagnostic 
Materials),” Zhurnal mikrobiologii, epidemiologii i 
immunobiologii. No 3-4, 19U2, Moscow, Medgiz 

- 169 - 



Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 





Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 




-- ' . i 


Pochechuyev, K. H., "Dry Thermostabile Smallpox Virus Vaccine, 
Xhumal mikrobiologii, epidemiologii i iraraunobiologii, 

Vol XVI, Ho 1, 1936, Moscow, Biomedgiz 
Priselkov, M. M„ , ’’Dysentery Bacteriophage Preparation in Tablet 

Form, n Zhurnal mikrobiologii, epidemiologii i immunobiologii. 
Ho 2, 1948, Moscow, Medgiz 

Recbmenskiy, S. S., "Lyophilizing as a Method for Preserving 
Biological Preparations, ” Zhurnal mikrobiologii, 
epidemiologii i immunobiologii, Ho 1, 1941, Moscow, Medgiz 
Rosenberg, C. la., ’investigation of Some Chemical, Physico- 
chemical and Biological Changes in Blood Plasma and Serum 
During Desiccation and Experimental Transfusion of Plasma 
and Serum -in Animals and Humans,” Byulleten' eksperimental *noy 
biologii i meditsiny, Vol IX, Ho 5, 1940, Moscow, Medgiz 
Rosenberg, G. Ya . , ’’Production and Study of Dry Serum and Plasma,” 
Sovremennyye probl emy gematologii i perelivaniye krovi, 

Ho 19, 1944, Moscow, Med^is 

Sakharov, N . L., n 0n a Study of Cold Resistance in Insects,” Zhumal 
opytnogo agrariya Yugo-Vostoka [ Journal of the Sou thea stem 
Experimental Farm], Vol VI, Ho 2, 1928 
Serbinov, I. L., Viiyaniye khimicheskikh fa vtorov na mikrobov. 
Ucheniye o mikroorganismov 5. I. Zlatogorova [Effect of 
Chemical Factors on Microbes. S. I. Zlatogorov^ Theory 
of Microorganisms] , 1916, Petrograd, published by 
’’Praktieheskaya meditsina” 

Smirnov, I. V,, "New Developments Regarding Anabiosis, ” Mauka i 
zhizn 1 [Science and Life], No 11, 1949, Moscow 
Smirnov, A. P., "Effect of Low Temperatures on the Viability of 
Acidophilus Bacilli,” Sovetskaya veterinariya [Soviet 
Veterinary Medicine], No 1, I 94 O, Moscow 


- 166 - 








Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 


Suelova, A. G., "Affect of Freezing and Thawing on the Virulence 
of Smallpox Virus Vaccine," Zhumal mikrobidLogii, 
epidemiologii i iamunobiologli, No 1, Vol XVI II . 1937, 
Moscow, Biomedgiz 

Sergiyenko, F. Ye., Mikhel'son, H. and Kolya ditskaya, L. S., 
In the Methods for Producing High Grade Preparations of a 
Dry Dysentery Bacteriophage on a Solid Culture Medium," 
Zhurnal mikrobiologii, epidemiologii i iramunobiologii. 

No 10, 19U6, Moscow, Medgiz 

Selezneva, a. a., "Specific Prophylaxis of Tularemia through 
Dry Living Vaccine (KIIEG)," Zhurnai mikrobiologii, : 
epidemiologii i imnunobiblcgii, Ho 1, 1948, Moscow, Medgiz 

Tauson, V. O., Nasledstvo mikrobov [Heredity in Microbes], 1947, 
Moscow, AN fSSK 

Timakova, V, D. , of Anti denature tion Substances on the 

Antigenic and Immunogenic Properties of Typhus-Paratyphoid 
B Vaccine (a. D. vaccine), Zhurnai mikrobiologii, 
epidemiologii i immimobiologii. No 2, Vol XIV, 1935, 

Moscow, Biomedgis 

Titov, N • N„, Tekhnologiya sukhikh bioprepara tov [Technology of 
Preparing Bry Biological Preparations], 19h5, Moscow, 
Sel’khozgiz 

Titov, N. N., "Modem Methods of Drying Biological Preparations," 
Priroda, No 6, 1946, Leningrad, AK fiSSR 

Titov, N. N., "Recent Apparatus for Vacuum Drying," Myasnaya 

imolochnaya promyshlennost' SSSR [Meat and Dairy Industry 
USSR], Ho 5, 1946, Moscow 

Faybich, M. M., "Effectiveness of Dry Living Plague Vaccine HIXEG 
of the Red Army made from the Ye. V. Strain*" 2hurnal mikro- 
biologii, epidemiologii 1 imraunobiolegii. No 6, 1946, Moscow, 
Medgiz 


- 167 - 


Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 





V. 


Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 


f 



Faybich, M. and Tamarina, T. S., "Dry Living Tularemia Vaccine 
Nil EG of the Red Army, ” Zhumal mikrobiologii, epidemiologii 
i immunobiologii , N o 7, 1946, Moscow, Medgiz 


Faybich, M# M. and Tamarina, T. S. , ’’Dry Living Tularemia Vaccine 
Nil EG of the Red Array,” second report, Zhumal mikrobiologii, 
epidemiologii,! bwaunobiologii, Jo 10, 1 946, Moscow, Medgiz 

Fedorov, D. F., Batyreva, A, A#, and Kocher’yan, ”Dx*y BCG Vaccine,” 
Zhurnsl mikrobiologii, epidemiologii i immunobiologii, No 
10-11, 19hk, Moscow, Medgiz 

Fedorovich, M# I., ’’Conditions for Storage and Period of Utility 
of Agglutinating Sere,” Laboratomaya praktika, .No 11, 1940, 
Moscow, Medgiz 

Fedorovich, M* I., ’’Dry Antigens for the Agglutination Reaction, ,! 
Zhurnal mikrobiologii, epidemiologii i immunobiologii. No 7, 
1942, Moscow, Medgiz 

Tsuverkalov, B* A., ’’Production of Dry Ovinia Vaccine,” 
Veterinariya, No 7, 1944, Moscow 

Ch el* nyy. A#, ’’Anabiosis in Microbes,” Bol * ehaya Meui tsinskaya ' 
Entsiklopediya [Large Medical Encyclopedia j , 1928, Moscow, 
Biomedgiz 

Chistyakov, F. M. and Noskova, G. L, ’’Effect of Low Temperatures 
on the Development of Bacteria,” Mikrobiologiya, Vol VII, 

No 5, 1938, Moscow, AN SSS R 

Chistyakov, F. M* , and Bogatova, t » Z., ’’Effect of Low Tempera- 
tures on the Development of Fungi,” Mikrobiologiya , Vol 
VII, No 4, 1938, Moscow, AN SSSR 

Chistyakov, F. M, and Noskova, G. L, , ’’Effect of Low Temperatures 
on the Development of Bacteria and Yeasts,” Mikrobiologiya, 

Vol VII, No 5, 1938, AN SSSR 


- 168 - 



Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 





Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 


Chifatyej kov, % . M • and Bo Fci t>o vs 7 7 upf •*< _ t « 7 m 

..VLfieot of 'Low Temperatures 

011 018 Eevslopnent of Molds," Mikrobiologlya , Vol VII, 

No 7, '1938, Moscow, m SSSR 

Shmidt, P. Xu., "The Problem of Anabiosis in the 20 th Century, « 
Uspekhi eovrsnennoy biologii, Vol VII, No 1, 1937, Moscow, 

At,' SSSH 

Shmidt, P. Xu., Anabioz (Anabiosis j, 1948, Moscow-Leningrsd, 

At; SSSR 

Shui -ts, Xe.. A., and Zingol', A., "Some Observations and Experi- 
ments with Anabiosis, " Izvestiya Potrogradskoy blologicheskoy 
labors torii [Bulletin Of the Petrograd Biological Laboratory], 
Vol XV, No 1, 1915 


Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 







Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 



Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 





Sanitized Copy Approved for Release 2010/07/15 : CIA-RDP81 -01 043R00040001 0006-6 



Figure 6. Man if old -type vacuum apparatus . 1, chamber for calcium 

sulfate; 2, manifold with ampules; 3, eJectrie furnace 
for regeneration of calcium sulfate in chamber; 4, shallow 


tray for freezing liquid and warm water . 



7. Radial manifold -type vacuum 


1, main condenser; 


2, manifold with ampules; 3, supplementary condenser (trap); 
4, oil vacuum pump; 5, vacuum apparatus. 


no » g'.a'q.p P-7Q a o o 




8. Manifold-type vacuum apparatus. 1, chamber with calcium 
sulfate; 2, manifold; 3, ampule; 4, shallow tray for 
freezing mixture and warm water; 5, stopcock in vacuum line; 


6, stopcock in line to vacuum manometer. 
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Figure 18. Chamber-manifold vacuum apparatus. 1, chamber containing 


preparation and calcium sulfate when chamber drying system 


is used and calcium sulfate only when manifold system is 


used ; 2 , vacuum 1 ine for pumping out air when manifold 


dry ing system is used ; 3 , vacuum line to manometer ; 4 , 


vacuum line for removing air when chamber drying system is 


used; 5, manifold lor desiccation. 



Figure 19. Temperature curve for an insect body during freezing 


(according to Bakhmet ’yev) . Explanation in text. 
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